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calculating unit, a control unit, and a calculating unit. 
The voltage detecting unit detects the voltage at the ter- 
minals of a battery. The current detecting unit detects a 
current flowing through the battery. The index calculat- 
ing unit calculates the index of polarization in the battery 
according to the detected current. The control unit con- 
trols the output voltage of an alternator so that the index 
of polarization will remain within a predetermined range 
which permits limitation of the effect of polarization on 
the charged state of the battery. When the index of po- 
larization remains within the predetermined range, the 
calculating unit calculates the remaining capacity of the 
battery according to the terminal voltage of the battery, 
that is, the open-circuit voltage of the battery. 
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(57) A battery capacity measuring device in accord- 
ance with the present invention has a fully-charged state 
detector (80e), a detected current integrator (80a), a di- 
vider (80b), and a corrector (80c) incorporated in a mi- 
crocomputer (80). The fully-charged state detector de- 
tects that a battery is fully charged. The detected current 
integrator integrates current values that are detected by 
a current sensor during a period from the instant the bat- 
tery is fully charged to the instant it is fully charged next. 
The divider divides the integrated value of detected cur- 
rent values by the length of the period. The corrector 
CO corrects a detected current using the quotient provided 
by the divider as an offset. Furthermore, a remaining 
0 battery capacity calculating system comprises a voltage 
^ detecting unit (50), a current detecting unit (40), an index 
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Description 

Technical Field 

[0001] The present invention relates to a battery ca- 
pacity measuring and remaining capacity calculating 
system. More particularly, the present invention is con- 
cerned with a battery capacity measuring device for ve- 
hicle batteries, a remaining capacity calculating system 
for vehicle batteries, an automatic engine stopping/ 
starting system for vehicles based on a remaining bat- 
tery capacity, an electrical rotating machine control sys- 
tem for vehicles based on remaining battery capacity, 
and a fuDy-charged state judging system for vehicle bat- 
teries. 

Background Art 

[Background art relating to the first mode of the present 
invention] 

[0002] A battery mounted in a vehicle is used as a 
poWer supply that supplies power to a starter for an en- 
gine and other accessories. The battery is charged from 
time to time by means of a generator that operates with 
power exerted by an internal combustion engine. A bat- 
tery capacity measuring device measures a current bat- 
tery capacity, and the generator is controlled based on 
the detected battery capacity. 

[0003] For example, Japanese Unexamined Patent 
Application Publication No. 6-351166 discloses a tech- 
nology for maintaining a battery capacity, which match- 
es power consumption required by a load, with low fuel 
consumption, and preventing deterioration of a battery 
caused by overcharging or over-discharging. Herein, 
when a battery is nearly fully charged, an adjusting volt- 
age is lowered for fear the battery may be overcharged. 
Nevertheless, generation must be able to be achieved 
with low fuel consumption. In contrast, when the battery 
capacity is insufficient, the adjusting voltage is rased for 
fear the battery may be over-discharged. In this exam- 
ple, the battery capacity is calculated based on an inte- 
grated value of charging/discharge current values of the 
battery detected by a current sensor. 
[0004] In case a battery capacity is calculated based 
on an Integrated value of charging/discharge current 
values of the battery, the precision in detection per- 
formed by a current sensor has a significant meaning. 
In particular, if a detected current value contains an error 
that must be offset, the offset values are integrated in 
order to calculate a current battery capacity. This makes 
it hard to properly control charging of the battery. The 
offset error is detected by measuring a cu rrent that flows 
when a circuit is open. As far as a vehicle is concerned, 
even when an engine is stopped, power is fed to acces- 
sories including a clock. It is therefore hard to measure 
the current with the circuit fully open. A method has been 
proposed in efforts to cope with this problem, wherein a 



dark current flowing with the engine stopped is estimat- 
ed in advance, and an offset error is calculated with the 
dark current removed. 

[0005] However, the dark current flowing with the en- 
5 gine stopped varies depending on the use state of an 
accessory or the type thereof. The dark current flowing 
with the engine stopped cannot always be estimated 
correctly. Thus, there is a fear that an error in a detected 
charging/discharge current may get larger. 
10 p>006] According to the first mode of the present in- 
vention, the present invention attempts to solve the 
above problem underlying related arts. An object of the 
present invention is to provide a battery capacity meas- 
uring device capable of measuring a battery capacity 
*5 with high precision. 

[Background art relating to the second mode of the 
present Invention] 

20 [0007] A remaining capacity calculating system for 
calculating a remaining capacity that represents the 
charged state of a vehicle battery is disclosed in, for ex- 
ample, Japanese Unexamined Patent Application Pub- 
lication No. 10-319100. In this example, while a vehicle 

25 is running, a current flowing through a battery is meas- 
ured in order to predict a change in the local concentra- 
tion of electrolytic solution. The degree of polarization 
caused by the change in the concentration is then esti- 
mated. A remaining battery capacity is calculated using 

30 a representation of a voltage-current characteristic 
measured when the effect of polarization is limited. 
[0008] However, the conventional remaining capacity 
calculating system cannot estimate the degree of polar- 
ization during, for example, running of a vehicle during 

35 which a battery is continuously charged. This poses a 
problem in that the remaining capacity of the battery 
cannot be calculated precisely when it is needed. 
[0009] According to the second mode of the present 
invention, the present invention attempts to solve the 

40 foregoing problem underlying related arts. An object of 
the present invention is to provide a remaining capacity 
calculating system for vehicle batteries, an automatic 
engine stopping/starting system, and an electrical rotat- 
ing machine control system. Herein, polarization occur- 

45 ring in a battery and adversely affecting the charged 
state of the battery that Is a secondary battery is utilized 
effectively. 

[Background art relating to the third mode of the present 
50 invention] 

[0010] Fully-charged stale judging systems for vehi- 
cle batteries include a system that monitors a rise in the 
voltage at the terminals of a battery (for example, a lead- 
55 acid battery) to judge whether a battery is fully charged. 
This device utilizes a phenomenon that as long as a bat- 
tery is charged with a constant current, when the battery 
is nearly fully charged, the voltage at the terminals of 



3 



EP1220 413 A1 



4 



the battery rises. 

[0011] However, when a vehicle is running, polariza- 
tion attributable to a change in a charging/discharge cur- 
rent or a change in the concentration of electrolytic so- 
lution occurs in a battery. Moreover, an output voltage 5 
of an alternator is regulated by a regulator and provided 
as an adjusting voltage. Therefore, a rise in the voltage 
at the terminals of the battery is not always associated 
with the fact that the battery is fully charged. This poses 
a problem in that even when the voltage at the terminals 10 
of a battery is monitored, it may not be able to judge 
highly precisely whether the battery is fully charged. 
[0012] According to the third mode of the present in- 
vention, the present invention attempts to solve the 
above problem underlying related arts. An object of the *s 
present invention is to provide a fully-charged stale 
judging system for vehicle batteries and a remaining 
battery capacity calculating system employing the fully- 
charged state judging system. The fully-charged state 
judging system can highly precisely judge whether a 20 
battery is fully charged, irrespective of an adjusting volt- 
age produced by a regulator or polarization occurring in 
a battery. 

Disclosure of Invention 2s 

[001 3] In the aspect of the present invention set forth 
in claim 1, a microcomputer (80) includes a fully- 
charged state judging means (BOe), a detected current 
integrating means (80a), a dividing means (80b), and a so 
correcting means (80c). The fully-charged state judging 
means detects whether a battery is fully charged. The 
detected current integrating means integrates the cur- 
rent values that are detected by a current sensor during 
a period from the instant a battery is fully charged to the 35 
instant it is fully charged thereafter. The dividing means 
divides an integrated value of detected current values 
provided by the detected current integrating means by 
the length of the period. The correcting means corrects 
a detected current with an offset using a quotient pro- *o 
vided by the dividing means. 

[001 4] Owing to the above features, when a battery is 
fully charged, a battery capacity that shall be denoted 
by SOC (state of charge) is restored to 100 % that is 
identical to a battery capacity attained when the battery 45 
is fully charged previously. During a period from the in- 
stant a battery is fully charged previously to the instant 
it is fully charged this time, the battery is discharged and 
charged by the same amount of current. Therefore, an 
integrated value calculated by integrating the current 50 
values that are detected during the period from the in- 
stant a battery is fully charged previously to the instant 
it is fully charged this time contains offset values that 
are caused by the current sensor. The integrated value 
of the detected current values is divided by the length 55 
of the period that is an integration period. Thus, the off- 
set is calculated irrespective of a use form of a battery, 
that is, for what load such as an engine starter a battery 



is used. Consequently, an accurate charging/discharge 
current can be determined. Eventually, the battery ca- 
pacity can be measured highly precisely. 
[0015] Moreover, in the aspect of the present inven- 
tion set forth in claim 2, a fully charging means (80d) is 
included so that, when a predetermined time has 
elapsed since the instant a battery is previously fully 
charged, the fully charging means will control a gener- 
ator to fully charge the battery. Owing to this feature, 
when the predetermined time has elapsed, the battery 
is fully charged. Consequently, the offset error can be 
checked at substantially regular intervals. Furthermore, 
the battery capacity can be measured highly precisely. 
[0016] Moreover, in the aspect of the present inven- 
tion set forth in claim 3, the remaining capacity calculat- 
ing system for vehicle batteries includes a voltage de- 
tecting means (50), a current detecting means (40), an 
index calculating means (320), a control means (340 to 
351, and 430 to 351), and a calculating means (361). 
The voltage detecting means (50) detects the voltage at 
the terminals of a battery (B) that is mounted in a vehicle 
having an electrical rotating machine (10, 1 0A) connect- 
ed to an engine (E), and that is charged by the electrical 
rotating machine. The current detecting means (40) de- 
tects a current flowing through the battery. The index 
calculating means (320) calculates an index of polariza- 
tion occurring in the battery according to the detected 
current. The control means controls the output voltage 
of the electrical rotating machine so that the index of 
polarization will remain within a predetermined range 
which permits limitation of the effect of polarization on 
the charged state of the battery. When the index of po- 
larization remains within the predetermined range, the 
calculating means calculates the remaining capacity of 
the battery using the detected terminal voltage of the 
battery, that is, the open-circuit voltage of the battery. 
[0017] Owing to the above features, the control 
means controls the electrical rotating machine so that 
the index of polarization will remain within the predeter- 
mined range permitting limitation of the effect of the po- 
larization on the charged state of the battery. At this time, 
the remaining capacity of the battery is calculated based 
on the detected terminal voltage of the battery, that is, 
the open-circuit voltage of the battery. In short, the elec- 
trical rotating machine is actively controlled in order to 
cancel a change in the index of polarization so that the 
index will fall within the predetermined range. The re- 
maining capacity SOC is calculated based on the open- 
circuit voltage at the terminals of the battery. Conse- 
quently, the calculation of the remaining capacity based 
on the open-circuit voltage of the battery can be per- 
formed timely and precisely, if necessary. 
[0018] In the fourth aspect of the present invention set 
forth in claim 4, an automatic engine stopping/starting 
system for vehicles includes the remaining battery ca- 
pacity calculating system set forth in claim 3, and an in- 
hibiting means (230) that inhibits automatic stoppage of 
an engine when the remaining battery capacity falls be- 
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low a permssible value. 

[0019] Owing to the above features, automatic stop- 
page of an engine is inhibited based on a remaining ca- 
pacity caJculated by the remaining capacity calculating 
system. Consequently, automatic stoppage of the en- 
gine can be inhibtted precisely. Thereafter, when an au- 
tomobile is started, engine stall can be reliably prevent- 
ed. 

[0020] Moreover, in the aspect of the present inven- 
tion set forth in claim 5, an electrical rotating machine 
control system for vehicles includes the remaining ca- 
pacity calculating system for vehicle batteries set forth 
in claim 3, and a control means (431). Assuming that 
the electrical rotating machine is a motor-generator 
(MG), the control means controls the motor-generator 
so that the motor-generator will assist the engine when 
the remaining capacity Is equal to or larger than a per- 
misstole value. 

[0021] Owing to the above features, the control 
means can precisely control the electrical rotating ma- 
chine according to the remaining capacity calculated by 
the remaining capacity calculating system so that the 
electrical rotating machine will assist the engine. Con- 
sequently, the battery satisfactorily maintains the prop- 
erty of receiving a charging current. Eventually, the bat- 
tery can be charged timely and efficiently. This results 
in efficient collection of energy. 

[0022] Moreover, in the aspect of the present inven- 
tion set forth in claim 6, an electrical rotating machine 
control system for vehicles includes a voltage detecting 
means (50), a current detecting means (40), an index 
calculating means (320), and control means (340 to 351 
or 430 to 451 ). The voltage detecting means detects the 
voltage at the terminals of a battery (B) that is mounted 
in a vehicle having an electrical rotating machine (10 or 
1 0A) connected to an engine E and that is charged by 
of the electrical rotating machine. The current detecting 
means detects a current flowing through the battery. The 
index calculating means calculates an index of polari- 
zation in the battery according to the detected current 
The control means controls the electrical rotating ma- 
chine so that the index of polarization will remain within 
a predetermined range permitting limitation of the effect 
of polarization on the charged state of the battery. 
[0023] Owing to the above features, when the index 
of polarization remains within the predetermined range, 
the control means precisely controls the electrical rotat- 
ing machine so that the electrical rotating machine will 
assist the engine. Consequently, the battery can main- 
tain its property of receiving a charging current The bat- 
tery can be charged timely and efficiently. This results 
in efficient collection of energy. 

[0024] Moreover, in the aspect of the present inven- 
tion set forth in claim 7, a fully-charged state judging sys- 
tem for vehicle batteries includes a voltage detecting 
means (50), a current detecting means (40), and a fully- 
charged state judging means (610, 620,630, and1030). 
The voltage detecting means detects the voltage at the 



terminals of a battery (B) that is mounted in a vehicle 
having an alternator (10) and a regulator (30) for regu- 
lating the output voltage of the alternator, and that is 
charged with the output voltage of the alternator (10) 

5 regulated by the regulator (30). The current detecting 
means detects a current flowing through the battery. 
When the detected terminal voltage and the detected 
current belong to a predetermined fully-charged state 
judgment domain, the fully-charged state judging 

10 means judges that the battery is fully charged. 

[0025] Owing to the above features , when the detect- 
ed terminal voltage and the detected current are in the 
predetermined fully-charged state judgment range, it is 
judged that the battery is fully charged. The fully- 

is charged state of the battery can be precisely judged 
compared with it is judged based on the voltage at the 
terminals of the battery. 

[0026] In the aspect of the present invention set forth 
in claim 8, the predetermined fully-charged state judg- 

20 ment range employed in the fully-charged state judging 
system for vehicle batteries set forth in claim 7 is a range 
specified with voltage values higher than the rated volt- 
age of the battery with the battery charged 90 % or more 
and with current values assumed by a zero current flow- 

25 ing through the battery or a discharge curre nt of the bat- 
tery. Consequently, the advantage of the aspect of the 
present invention set forth in claim 7 can be attained 
more reliably. 

[0027] In the aspect of the present invention set forth 

30 in claim 9, the fuBy-charged state judging system for ve- 
hicle batteries set forth in claim 7 or claim 8 includes an 
index calculating means (810 or 1003) that calculates 
an index of polarization in the battery according to the 
detected current. The f ully-charged state judging means 

35 judges whether the battery is fully charged while check- 
ing if the index of polarization falls within a predeter- 
mined range of index values. Owing to the features, the 
advantage of the aspect of the present invention set 
forth in claim 7 or 8 can be attained more precisely. 

40 [0028] In the aspect of the present invention set forth 
in claim 1 0, the predetermined range of index values set 
in the fully-charged state judging system for vehicle bat- 
teries set forth in claim 9 is a range of index values per- 
mitting negligence of a change in the concentration of 

45 electrolytic solution in the battery. Owing to the feature, 
the advantage of the aspect of the present invention set 
forth in claim 9 can be attained more reliably. 
[0029] In the aspect of the present invention set forth 
in claim 1 1 , a fully-charged state judging system for ve- 

50 hicle batteries includes a voltage detecting means (50), 
a current detecting means (40), an index calculating 
means (710 and 1003), and a fully-charged state judg- 
ing means (720, 730, 740, and 1030). The voltage de- 
tecting means detects the voltage at the terminals of a 

55 battery (B) that is mounted in a vehicle having an alter- 
nator (10) and a regulator (30) for regulating the output 
voltage of the alternator, and that is charged with the 
output voltage of the alternator regulated by the regula- 
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tor. The current detecting means (40) detects a current 
flowing through the battery. The index calculating 
means calculates an index of polarization caused by the 
electrolytic solution in the battery. When the detected 
terminal voltage belongs to a predetermined fully- 
charged state judgment range and the index of polari- 
zation falls within a predetermined range of index val- 
ues, the fully-charged state judging means judges that 
the battery is fully charged. 

[0030] Owing to the above features, when the detect- 
ed terminal voltage belongs to the predetermined fully- 
charged state judgment range and the index of polari- 
zation falls within the predetermined range of index val- 
ues, the battery is judged to be fully charged. Conse- 
quently, the fully-charged state of the battery can be 
highly precisely judged compared with when it is judged 
based on the voltage at the terminals of the battery. 
[0031] In the aspect of the present invention set forth 
in claim 12, the predetermined fully-charged state judg- 
ment range set in the fully-charged state judging system 
for vehicle batteries set forth in claim 11 is a range spec- 
ified with voltage values higher than the rated voltage 
for the battery with the battery charged 90 % or more. 
The predetermined range of index values is a range of 
index values permitting negligence of a change in the 
concentration of electrolytic solution in the battery. Ow- 
ing to the feature, the advantage of the aspect of the 
invention set forth in claim 11 can be attained more re- 
liably. 

[0032] In the aspect of the present invention set forth 
in claim 13, the fully-charged state judging system for 
vehicle batteries set forth in any of claims 7 to 12 in- 
cludes a regulator control means (970 to 982). The reg- 
ulator control means controls the regulator repeatedly 
at regular intervals so that an adjusting voltage to be 
produced by the regulator will be set to a predetermined 
value higher than a normal adjusting voltage value. The 
fully-charged state judging means makes the judgment 
when the adjusting voltage to be produced by the regu- 
lator is set to the predetermined value. 
[0033] Owing to the above feature, when the adjusting 
voltage to be produced by the regulator is set to the nor- 
mal adjusting voltage value, the advantage of the aspect 
of the present invention can be provided, while the judg- 
ment on whether the battery is fully-charged will riot be 
adversely affected. 

[0034] In the aspect of the present invention set forth 
in claim 14, the remaining capacity calculating system 
for vehicle batteries includes a fully-charged state judg- 
ing system for vehicle batteries set forth in any of claims 
7 to 13 and a remaining capacity calculating means 
(520). The remaining capacity calculating means calcu- 
lates the remaining capacity of the battery when the ful- 
ly-charged state judging means included in the fully- 
charged state judging system judges that the battery is 
fully-charged. Owing to these features, the remaining 
capacity of the battery can be calculated highly precise- 
ly. 



[0035] In the aspect of the present invention set forth 
in claim 15, the remaining capacity calculating system 
for vehicle batteries includes the fuOy-charged state 
judging system for vehicle batteries set forth in claim 9 

s or 11, an index judging means (1010), a learning means 
(1051), and a remaining capacity calculating means 
(1053). After the fuOy-charged state judging means in- 
cluded in the fully-charged state judging system judges 
that the battery is fully charged, the index judging means 

10 judges whether the index of polarization falls within a 
range of index values permitting stabilization of the 
open-circuit voltage of a battery. When the index judging 
means judges that the index of polarization falls within 
the range of index values permitting stabilization of the 

*5 open-circuit voltage of a battery, the learning means 
learns the relationship between the remaining capacity 
and the open-circuit voltage established based on the 
degree of deterioration of the battery. The remaining ca- 
pacity calculating means calculates the remaining ca- 
20 paclty of the battery by referencing the result of learning 
performed by the learning means using the open-circuit 
voltage of the battery. 

[0036] Owing to the above features, the open-circuit 
voltage of the battery is used to calculate the remaining 

25 capacity. The remaining capacity can therefore be cal- 
culated quickly. Moreover, after the fully-charged state 
judging means included in the fully-charged state judg- 
ing system judges that the battery is fully charged, when 
it is judged that the index of polarization falls within the 

30 range of index vales permitting stabilization of the open- 
circuit voltage of the battery, the relationship between 
the remaining capacity and open-circuit voltage estab- 
lished based on the degree of deterioration of the battery 
is learned. The remaining capacity is calculated by ref- 

35 erencing the result of the learning using the open-circuit 
voltage of the battery. Consequently, the remaining ca- 
pacity can be calculated highly precisely, irrespective of 
the deterioration of the battery. 

[0037] In the aspect of the present invention set forth 
40 in claim 16, the learning means included in the remain- 
ing capacity calculating system for vehicle batteries set 
forth in claim 15 learns the relationship between the re- 
maining capacity and open-circuit voltage by referenc- 
ing the relationship between the remaining capacity and 
open-circuit voltage established in the initial stage of the 
battery after it is judged that the battery is fully charged. 
At this time, the learning means takes account of an 
amount of discharge current of the battery released until 
the index judging means judges that the index of polar- 
so ization falls within the range of index values permitting 
stabilization of the open-circuit voltage of the battery af- 
ter it is judged that the battery is fully charged. Owing to 
this feature, the advantage of the aspect of the present 
invention set forth in claim 15 can be further improved. 
55 [0038] Incidentally, the numerals in parentheses de- 
note exemplary means that will be described in relation 
to embodiments later and that realize the aforesaid fea- 
tures. 
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Brief Description of the Drawings 
[0039] 

Rg. 1 is a block diagram of a battery capacity meas- 5 
uring device attached to a battery in which the first 
mode of the present invention is implemented; 
Fig. 2 is a flowchart descrtoing a control sequence 
followed by a microcomputer incorporated in the 
battery capacity measuring device shown in Fig. 1 ; 10 
Fig. 3 is a graph for explaining the actions of the 
battery capacity measuring device shown in Rg. 1 ; 
Fig. 4 is a block diagram showing Embodiment 1 , 
in which the second mode of the present invention 
is implemented; 15 
Rg. 5 is a flowchart describing a main control pro- 
gram to be run by the microcomputer shown in Rg. 
4; 

Rg. 6 is a first half of a flowchart describing a sub 
control program to be run by the microcomputer 20 
shown in Fig. 4; 

Fig. 7 is a second haff of the flowchart describing 

the sub control program described in Rg. 6; 

Rg. 8 is a block diagram showing Embodiment 2, 

in which the second mode of the present invention 2s 

is implemented; 

Fig. 9 is a first half of a flowchart describing a main 
control program to be run by a microcomputer em- 
ployed in Embodiment 2 shown in Rg. 8: 
Rg. 1 0 is a second half of the flowchart describing so 
the main control program employed in Embodiment 
2 shown in Rg. 8; 

Rg. 11 is a flowchart describing a sub control pro- 
gram to be run by the microcomputer employed in 
Embodiment 2 shown in Rg. 8; 35 
Rg. 12 is an explanatory diagram showing a map 
representing the relationship between an index P of 
polarization and a remaining capacity SOC em- 
ployed in Embodiment 2 shown in Rg. 8; 
Fig. 1 3 is a block diagram showing Embodiment a, *o 
in which the third mode of the present invention is 
implemented; 

Fig. 1 4 is a flowchart describing a main control pro- 
gram to be run by a microcomputer shown in Rg. 
13; 45 
Fig. 1 5 Is a flowchart describing a sub control pro- 
gram to be run by the microcomputer shown in Rg. 
13; 

Fig. 16 is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 50 
Ifehed when a battery is fully charged, and contain- 
ing a fully-charged state judgment range; 
Fig. 17 is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished when a battery is charged 90 %, and contain- 55 
ing a fully-charged state judgment range; 
Fig. 18 is a flowchart describing a sub control pro- 
gram employed in Embodiment b, in which the third 



mode of the present invention is implemented; 
Fig. 19 is a flowchart describing a sub control pro- 
gram employed in Embodiment c f in which the third 
mode of the present invention is implemented; 
Fig. 20 is a first half of a flowchart describing a sub 
control program employed in Embodiment d f in 
which the third mode of the present invention is im- 
plemented; 

Fig. 21 is a second half of the flowchart describing 
the sub control program employed in Embodiment 
d described in Rg. 20; 

Fig. 22A and Rg. 22B are flowcharts describing the 
operation of a microcomputer employed in Embod- 
iment e, in which the third mode of the present in- 
vention is implemented; 

Fig. 23 is a graph showing the relationship between 
an open-circuit voltage of a battery and a remaining 
capacity SOC thereof that Is established in Embod- 
iment e when the battery has deteriorated or when 
the battery has not deteriorated at all; 
Rg. 24a is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished in Embodiment e f irrespective of an index P; 
Fig. 24b is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished relative to an index P (IPI<1 000); 
Fig. 24c is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished relative to an index P (IPI<100); 
Rg. 25a is a graph indicating a time-sequentiaJ 
change in a battery voltage occurring in Embodi- 
ment e when a battery is new or has deteriorated; 
Fig. 25b is a graph indicating a time-sequential 
change in a battery current occurring in Embodi- 
ment e when a battery is new or has deteriorated; 
Fig. 26a is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished in Embodiment e with a remaining capacity 
SOC=80 % during running of a vehicle concerned; 
Rg. 26b is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished in Embodiment e with a remaining capacity 
SOC=100 % during running of the vehicle; 
Rg. 27a is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished in Embodiment e with a remaining capacity 
SOC=80 % and an index P=2000; 
Rg. 27b is a graph indicating the relationship be- 
tween a battery voltage and a battery current estab- 
lished in Embodiment e with a remaining capacity 
SOC=100 % and an index P=2000; and 
Rg. 28 is a graph indicating time-sequential chang- 
es in a remaining capacity SOC and in an index P 
occurring in an actual vehicle to which Embodiment 
e is adapted. 
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Best Mode for Carrying Out the Invention 

[Embodiment in which the first mode of the present 
invention is implemented] 

5 

[0040] Fig. 1 shows the configuration of a battery ca- 
pacity measuring device in accordance with the present 
invention. An alternator 10 is connected to a battery B 
to which the battery capacity measuring device 1 5 of the 
present invention is attached. The battery B is recharge- to 
able by the alternator 10. The alternator 10 is actuated 
with power exerted by an engine that is not shown. An 
engine starter or any other load L is connected to the 
battery B. The battery capacity measuring device 15 has 
a current sensor 40, which monitors a charging current 15 
or a discharge current of the battery B, connected at the 
middle of a cable routed from the battery B to the alter- 
nator 10 and the load L. 

[0041 ] A microcomputer SO receives as an input a sig- 
nal detected by the current sensor 40. Based on acharg- 20 
ing/discharge current of the battery B detected by the 
current sensor 40, the microcomputer 80 calculates the 
present capacity of the battery B. The microcomputer 
80 is realized with a typical microcomputer having a 
CPU and a memory (RAM or ROM). 25 
[0042] The microcomputer 80 also fills the role of a 
controller for controlling the alternator 1 0, and issues a 
command, whbh represents an adjusting voltage value, 
to the alternator 1 0 so as to adjust an exciting current. 
The microcomputer 80 thus controls an amount of ac 30 
power to be generated by the alternator 1 0. The micro- 
computer 80 includes a detected current integrating 
means 80a, a dividing means 80b, a correcting means 
80c, and a fully-charged state judging means BOe which 
are run on the CPU of the microcomputer. A charging/ 35 
discharge current of the battery B is inferred from a cur- 
rent detected by the current sensor 40. Moreover, the 
microcomputer 80 includes a fully charging means 80d 
that is run on the CPU thereof. When predetermined 
conditions are met, the adjusting voltage is raised in or- 40 
der to increase the amount of ac power to be generated. 
Thus, the battery B is fully charged. 
[0043] Moreover, the battery capacity measuring de- 
vice 1 5 includes a fully-charged state judging circuit 55. 
When the battery B is fully charged, the fully-charged ** 
state judging circuit 55 transmits a judgment signal, 
which indicates that the battery is fully charged, to the 
microcomputer 80. The fully-charged state judging 
means 80e informs the microcomputer 80 of the fact of 
whether the battery B is fully charged. Various known 50 
technologies can be implemented in the fully-charged 
state judging circuit 55 and fully-charged state judging 
means 80e. In other words, the fully-charged state judg- 
ing circuit 55 and fully-charged state judging means 80e 
may be designed to detect the voltage at the terminals 55 
of the battery B. In this case, when the terminal voltage 
rises greatly, it is judged that the battery is fully charged. 
Otherwise, assuming that a battery employed is a NiH 



battery or the like, the fully-charged state judging circuit 
55 and fully-charged state judging means 80e may be 
designed to detect the temperature, for example, the su- 
perficial temperature of the battery. In this case, when 
the temperature rises, it is judged that the battery is f uDy 
charged. Otherwise, the fully-charged state judging cir- 
cuit 55 and fully-charged state judging means 80e may 
be designed to detect the frequency by which feeding 
of the exciting current to the alternator 1 0 is enabled or 
disabled. In this case, when the frequency increases, it 
is judged that the battery is fully charged. 
[0044] Fig. 2 is a flowchart describing a control se- 
quence to be executed by the microcomputer 80. The 
control sequence is initiated when a key switch is turned 
on and an engine is started. At step 101, an integrated 
value Q of detected current values and a remaining ca- 
pacity SOC that are stored in the memory in the micro- 
computer 80 at the end of the previous control sequence 
are read. Moreover, a correction value l^ is read. 
[0045] Step 102 is a step at which the correcting 
means 80c acts. A current l meas detected by the current 
sensor 40 is read, and a charging/discharge current I of 
the battery is calculated according to an expression (1 ) 
to be described later. As apparent from the expression 
(1 ), the charging/discharge current I of the battery is ob- 
tained by correcting the detected current l meas using the 
correction value l^ as an offset. The correction value 
leor is calculated and updated at step 108, that will be 
described later. 

I = Leas" "ear (1) 

[0046] The subsequent step 1 03 is a step at which the 
detected current integrating means 80a acts. The de- 
tected current integrating means 80a calculates an in- 
tegrated value Q of detected current values l meas ac- 
cording to an expression (2), that will be presented later. 
In the expression (2), Qq denotes a value the integrated 
value Q assumes before this step is executed, and t de- 
notes an interval between measurements. Moreover, Q 
is initialized to 0 when the battery is fully charged previ- 
ously (see step 107 that will be described later). 

Q = Qo + »ma»-t (2) 

[0047] At step 1 04, the remaining capacity SOC is cal- 
culated according to an expression (3), that will be pre- 
sented later. In the expression (3), SCO0 denotes a val- 
ue the remaining capacity SOC assumes before this 
step is executed, and C denotes the capacity of the bat- 
tery B observed when the battery is fully charged or 
when SOC equals 1 00 %. The remaining capacity SOC 
is used to control the alternator 1 0 as it conventionally is. 



7 



3DOCID: <EP 1 22041 3A1 J_> 



13 



EP1 220 413 A1 



14 



SOC = SCOO + I . t • 100/C 



(3) 



must be offset is calculated. 



[004$] At step 1 05, it is judged whether the battery B 
is fully charged. This judgment is made based on a judg- 
ment signal sent from the fully-charged state judging cir- 
cuit 55. 

[0049] If the battery is not fully charged, steps 106, 
1 07, and 1 08, that will be described later, are skipped 
and control is passed to step 109. It is judged from a 
count value indicated by a timer incorporated in the mi- 
crocomputer 80 whether a predetermined time or more 
has elapsed since it is previously judged that the battery 
is fully charged. 

[0050] If the predetermined time or more has not 
elapsed since it is previously judged that the battery is 
fully charged, step 110, that will be described later, is 
skipped and control is passed to step 111. It Is then 
judged whether the key switch is turned off. 
[0051] If the key switch SW is turned on, control is re- 
turned to step 1 02. Namely, steps 1 02 to 1 04 are repeat- 
ed until it is judged that the battery is fully charged with 
the engine in operation. Consequently, the integrated 
value Q of detected current values and the remaining 
capacity SOC are updated. 

[0052] When the key switch is turned off, control is 
passed from step 111 to step 112. The integrated value 
Q of detected current values and the remaining capacity 
SOC are stored in the memory in preparation for next 
initiation of the control sequence. 
[0053] Moreover, when the engine is stopped, the mi- 
crocomputer 80 acts in a sleep mode at regular intervals 
of a time whose passage is indicated by a timer. The 
microcomputer 80 may be activated periodically in order 
to execute the same procedure as the procedure com- 
posed of steps 1 01 to 1 04 and step 1 1 2 to calculate the 
integrated value Q of detected current values and the 
remaining capacity SOC. 

[0054] When the predetermined time or more has 
elapsed since it is previously judged that the battery is 
fully charged, control is passed from step 109 to step 
110. Step 1 1 0 is a step at which the fully charging means 
80d acts. The adjusting voltage is raised and an amount 
of ac power to be generated by the alternator 1 0 is thus 
increased to a predetermined amount. Consequently, 
the battery B is fully charged. Step 105 is succeeded by 
steps 106, 107, and 108. 

[0055] At step 1 06. the remaining capacity SOC is up- 
dated to an initial value of 100 %. This is because the 
battery is fully charged. 

[0056] The subsequent step 1 07 is a step at which the 
dividing means 80b acts. A time T that has elapsed since 
it is previously judged that the battery is fully charged 
and whose passage is indicated by the timer is read. An 
error l^^ that is caused by the current sensor 40 and 
must be offset is calculated according to an expression 
(4), to be presented later. The integrated value Q is up- 
dated to an initial value of 0 after the offset \ dnset that 



10 



55 



(4) 



[0057] At step 1 08, the correction value l^ is updated 
to the offset lo,^ according to an expression (5) below. 



'cor " 'offset 



(5) 



[0058] Incidentally, when the battery B is fully 
charged, the adjusting voltage is made equal to or slight- 
ly lower than the electromotive force of the battery B. 
15 The remaining capacity SOC is thus retained at a pre- 
determined level. 

[0059] Next, a description will be made of the advan- 
tage of the above control sequence according to which 
the current i meas detected by the current sensor is cor- 

20 rected using the offset l offeet in order to calculate the 
charging/discharge current I of the battery. 
[0060] Fig. 3 graphically shows a time-sequential 
change In the remaining capacity SOC calculated by a 
conventional device that adopts a current detected by a 

25 current sensor as a charging/discharge current of a bat- 
tery as it is without correcting it. The calculated value of 
the remaining capacity SOC changes from the initial val- 
ue of 100 %, depending on the integrated value of cur- 
rent values detected by the current sensor 40. 

30 [0061] Referring to Fig. 3, point A denotes a time in- 
stant at which the battery is charged to enter a fully- 
charged state. Herein, the battery B is discharged and 
charged by the same amount of energy during a period 
from the instant the battery is previously fully charged 

35 to the instant it is fully charged this time. At point A, the 
battery is restored to the same state as the previous ful- 
ly-charged state. If the current sensor 40 indicates a true 
value of a charging/discharge current, the remaining ca- 
pacity is reset to 1 00 %, as indicated with a solid line in 

40 Fig. 3. 

[0062] However, if the current sensor 40 causes a 
positive offset that must be offset, the calculated 
value of the remaining capacity SOC deviates positively, 
as indicated with a dot-dash line in Fig. 3 (SOC1). This 

45 is because when detected current values are integrated, 
offset values are also integrated. The deviation is pro- 
vided as a ratio of the integrated value of the offset val- 
ues l offeelt which are detected during the period from the 
instant the battery is previously fully charged to the In- 

50 stant It is fully charged this time (point A) , to the capacity 
C of the battery, and therefore expressed as follows: 



SOC1 - 100 (%) = T1 • l offset1 / C . 100 (%) (6) 



[0063] If the current sensor 40 produces a negative 
offset l offset that must be offset, the calculated value of 



8 



XDCID: <EP 1220413A1_I_> 



15 



EP1 220 413 A1 



16 



the remaining capacity SOC deviates negatively, as 
indicated with a dashed line in Fig. 3 (SOC2). This is 
because when detected current values are integrated, 
error values are also integrated. The deviation is 
provided as a ratio of the integrated value of the offset s 
values lofted which are detected during the time interval 
T1 from the instant the battery is previously fully charged 
to the instant it is fully charged this time (point A), to the 
capacity C of the battery, and expressed as follows: 

10 

SOC2 - 1 00 (%) = T1 • l offset2 / C • 1 00 (%) (7) 

[0064] As mentioned above, the battery is discharged 
and charged by the same amount of energy during the 15 
period from the instant the battery is previously fully 
charged to the instant it is fuDy charged this time, and 
therefore restored to the same state as the previous ful- 
ly-charged state. This means that actual discharge cur- 
rent values and actual charging current values integrat- 20 
ed into the integrated value of detected current values 
are canceled out. Therefore, the product of T1 by I offset 
and the product of T1 by \ dgis ^2 are identical to the inte- 
grated value of the current values l meas that are detected 
during the period from the instant the battery is previ- 25 
ously fully charged to the instant it is fully charged this 
time. 

[0065] According to the expression (4), the integrated 
value Q of detected current values is divided by the 
length T of the period from the instant the battery is pre- 30 
viously fully charged to the instant it is fully charged this 
time, that is, the integration period. Thus, the offset l offset 
can be calculated irrespective of the use form of the load 
L. Consequently, the detected current l meas is corrected 
by offsetting the offset \ c $ fsdL . This results in the accurate 35 
charging/discharge current I of the battery. Thus, the re- 
maining capacity SOC can be measured highly precise- 
ly- 

[0066] According to the present embodiment, as 
apparent from the expression (5), the correction value 40 
l^ used for offsetting an error equals the offset l offeet 
calculated when the battery is fully charged. 
Alternatively, as seen from an expression (8) to be 
presented later, a weighted average may be calculated 
from the correction value l^ used to offset an error 45 
before the battery is fully charged this time and a newly 
calculated offset l offset . The weighted average may be 
adopted as the correction value l wr used as the offset 
error. 

so 

Uor = a- 1^ + 0-a)-l oor (8) 
where a denotes a weight (0<a<1 ). 

[0067] Otherwise, the offset values l offset calculated at 55 
several past times at which the battery was fully charged 
may be averaged and adopted as the correction value 



lew used as the offset error. Alternatively, the integration 
period during which current values are detected and in- 
tegrated in order to calculate the offset error may not be 
a period from the instant the battery is immediately pre- 
viously fully charged to the instant it is fully charged this 
time. Instead, the integration period may be a period 
from the instant the battery is fully charged to the instant 
it is fully charged later with one or more instants, at which 
af ully-charged state is attained, between them. The cur- 
rent values detected during the period may be integrat- 
ed. 

[0068] Moreover, according to the present embodi- 
ment, when the predetermined time has elapsed since 
the instant the battery is previously fully charged, an 
amount of ac power to be generated by the alternator 
10 is forcibly increased in order to fully charge the bat- 
tery B. As long as the integrated value of current values 
that are detected during the period from the instant the 
battery is previously fully charged to the instant it is fully 
charged this time and the length of the period can be 
obtained, the present invention is not limited to the 
present embodiment. 

[Embodiments in which the second mode of the present 
invention is implemented] 

[0069] Embodiments 1 and 2, in which the second 
mode of the present invention is implemented, will be 
described in conjunction with the drawings below. 

(Embodiment 1 ) 

[0070] Fig. 4 shows an example in which the present 
invention is implemented in an automatic engine stop- 
ping/starting system for vehicles. A vehicle (automobile) 
includes, as shown in Fig. 4, a generator (alternator) 1 0, 
a rectifier 20, and a regulator 30. The alternator 1 0 is 
driven by an engine E of the automobile. The alternator 
10 then generates ac power and applies an ac voltage. 
The rectifier 20 rectifies the ac voltage applied from the 
alternator 10, produces a rectified voltage, and applies 
the rectified voltage to a battery B and the regulator 30. 
The regulator 30 controls the output of the alternator 1 0 
under the control of a microcomputer 80A, that will be 
described later, so that the output voltage will not be 
equal to or higher than an upper limit 
[0071] Moreover, the automatic engine stopping/ 
starting system includes a current sensor 40, a voltage 
sensor 50, a magnitude-of-pedaJ depression sensor 60, 
and a vehicle speed sensor 70. The current sensor 40 
detects a charging current or a discharge current of the 
battery B. The voltage sensor 50 detects the voltage at 
the terminals of the battery B. The magnitude-of-pedal 
depression sensor 60 detects a magnitude by which the 
accelerator pedal of the automobile has been de- 
pressed. The vehicle speed sensor 70 detects the vehi- 
cle speed of the automobile. Incidentally, the battery B 
is realized with a lead-acid battery, which is one type of 
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battery. 

[0072] Moreover, the automatic engine stopping^ 
starting system includes the microcomputer 80A, an au- 
tomatic engine stop/start control circuit 90, and a non- 
volatile memory 100. The microcomputer 80A runs a 
main control program and a sub control program that 
serves as an interrupt control program as described in 
the flowcharts of Fig. 5 to Fig. 7. 
[0073] The microcomputer 80A runs the main control 
program described in the flowchart of Fig. 5 to enable 
automatic stopping and starting of the engine E at the 
time of halting or driving the automobile. Moreover, the 
microcomputer 80A runs the sub control program de- 
scribed in the flowcharts of Fig. 6 and Fig. 7 so as to 
calculate the remaining capacity of the battery B using 
a current detected by the current sensor 40 and a volt- 
age detected by the voltage sensor 50. 
[0074] According to Embodiment 1 , the sub control 
program is run in response to an interrupt issued every 
time the timer incorporated in the microcomputer 80A 
indicates the passage of a predetermined time. Power 
is always fed from the battery B to the microcomputer 
. 80A. The microcomputer 80A runs the main control pro- 
gram, and resets and starts the timer when the ignition 
switch IG of the automobile is turned on. Moreover, the 
main control program and sub control program are 
stored in advance in a ROM incorporated in the micro- 
computer BOA. 

[0075] The automatic engine stop/start control circuit 
90 controls the engine E according to the outputs of the 
magnitude-of-pedal depression sensor 60 and vehicle 
speed sensor 70 so that the engine E will be automati- 
cally stopped or started. Data processed by the micro- 
computer 80A is stored in the nonvolatile memory 100. 
[0076] In Embodiment 1 having the foregoing compo- 
nents, when the ignition switch IG is turned on, the au- 
tomobile is driven with the start of the engine. At this 
time, when the ignition switch IG is turned on, the mi- 
crocomputer 80A makes a judgment in the affirmative 
at step 200 described in the flowchart of Fig. 5. The mi- 
crocomputer 80A then runs the main control program 
that is entered at step 210, and resets and starts the 
timer. Every time the timer indicates the passage of the 
predetermined time, the sub control program is run as 
described in the flowcharts of Fig. 6 and Fig. 7. 
[0077] While the sub control program is running, at 
step 300 (see Fig. 6), a current detected by the current 
sensor 40 (hereinafter referred to as a battery current I) 
and a voltage detected by the voltage sensor 50 (here- 
inafter referred to as a battery voltage V) are transferred 
to the microcomputer 80A. At step 310, the remaining 
capacity SOC is calculated using the battery current I 
and the previous capacity SCOO according to the ex- 
pression (3). 

[0078] In the expression (3), the previous capacity 
SOCO is assigned only when the sub control program is 
run for the first time with the ignition switch IG turned 
on. At step 310, the previous remaining capacity SOC 



stored at step 280 is assigned to SOCO in the expression 
(3) in order to calculate the present remaining capacity 
SOC. As mentioned above, the remaining rapacity SOC 
is provided as a ratio in percentage of the actual capacity 

5 of the battery B to the capacity thereof attained when 
the battery B is fully charged. Moreover, C in the expres- 
sion (3) denotes a rated capacity (A-sec) for the battery 
B, and t denotes a sampling time (sec). 

[0079] Thereafter, at step 320, an index P of polariza- 
10 rjon is calculated based on the battery current I accord- 
ing to the following expression (9): 

P=/ 1 o(rMd)dt (9) 

15 

where y denotes a correction term that permits correc- 
tion of a variation in the efficiency of charging the battery 
B (whose solution becomes positive during charging of 
the battery B), and t denotes a time (sec). Moreover, Id 

20 denotes a correction term that permits correction of a 
variation stemming from a diffusion of electrolytic solu- 
tion occurring near the electrodes of the battery B. 
[0080] Assume that Po denotes a value of the index 
P of polarization attained immediately before a time in- 

25 stant t1 , and a and b denote constants (inverse numbers 
of a time). In this case, when Po>0, ld=a-Po. When 
Po=0, ld=0. When PcxO, ld=b«Po. Incidentally, the ex- 
pression (9) is stored in advance in the ROM incorpo- 
rated in the microcomputer 80A. 

30 [0081 ] Thereafter, at step 330 : it is judged whether an 
SOC detection request flag F is set to 1 . If it is judged 
at step 261 in Fig. 5 that the flag F is set to 1 , the judg- 
ment of step 330 is made in the affirmative. At step 340, 
the index P of polarization is compared with a predeter- 

35 mined upper limit Pa. Herein, the upper limit Pa is an 
upper limit of the range of values assumed by the index 
of polarization within which the adverse effect of polar- 
ization on calculation of the remaining capacity SOC is 
thought to be limited. 

6 [0082] If P>Pa in this stage, since the judgment of 
step 340 is made in the affirmative, the output voltage 
of the alternator 1 0 is lowered to a predetermined volt- 
age Va at step 341 . Consequently, the alternator 1 0 low- 
ers its output voltage to the predetermined voltage Va. 

45 This means that a current flows into the battery B so as 
to lower the index of polarization to a value" equal to or 
smaller than the upper limit Pa. 

[0083] In contrast, if the judgment of step 340 is made 
in the negative, step 341 is unnecessary. The index P 

50 of polarization is then compared with a predetermined 
lower limit Pb at step 350. Herein, the lower limit Pb is 
a lower limit of the range of values to be assumed by 
the index of polarization within which the adverse effect 
of polarization on calculation of the remaining capacity 

55 SOC is thought to be limited. 

[0084] If P<Pb in this stage, the judgment of step 350 
is made in the affirmative. At step 351 , the output voltage 
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of the alternator 1 0 is raised to the predetermined volt* 
age Va Consequently, the alternator 1 0 raises Its output 
voltage to the predetermined voltage Va. This means 
that a current flows into the battery B so as to increase 
the index of polarization to a value equal to or larger 5 
than the lower limit Pb. 

[0085] In other words, when the remaining capacity 
SOC falls within a domain obviating the necessity of 
carefully controlling the remaining capacity SOC, if the 
SOC detection request flag F is set to 1 , a voltage pro- 10 
duced by the alternator 1 0 is controlled so that the index 
P will range from Pa to Pb, that is, polarization will be 
canceled. 

[0086] If the judgment of step 330 is made in the neg- 
ative, ifthe judgment of step 350 is made in the negative, is 
or if step 351 is completed, it is judged at step 360 (see 
Fig. 7) whether the index P of polarization ranges from 
the lower limit Pb to the upper limit Pa. In short, If the 
SOC detection request flag F is not set to 1 , steps 340 
to 351 are skipped and control is passed to step 360. 20 
[0087] If Pb<P<Pa is established, the judgment of 
step 360 is made in the affirmative. At the next step 361 , 
the remaining capacity SOC of the battery B in this stage 
is calculated by referencing data (hereinafter referred to 
as Vop^ vs. SOC data), which represents the relation- 25 
ship between the open-circuit voltage V open of the bat- 
tery B and the remaining capacity SOC, according to the 
output V of the voltage sensor 50. The output V of the 
voltage sensor 50 represents the open-circuit voltage 
v open of *e battery in this stage. The V^,, vs. SOC 30 
data is stored in advance in the ROM incorporated in 
the microcomputer 80A as a representation of the rela- 
tionship of the remaining capacity SOC to the open-cir- 
cuit voltage V open to which remaining capacity SOC is 
almost directly proportional. 35 
[0088] When step 361 is completed, the SOC detec- 
tion request flag F is reset to 0 at step 362. After step 
362 is completed, or if the judgment of step 360 is made 
in the negative, the remaining capacity SOC in this stage 
is temporarily stored in the ROM in the microcomputer *o 
80 at step 363. 

[0089] As mentioned above, if the judgment of step 
200 is made in the affirmative within the main control 
program, the remaining capacity SOC stored at step 363 
is read at step 210. At step 220, It is judged from an 
output of the magnitude-of -pedal depression sensor 60 
and an output of the vehicle speed sensor 70 whether 
the engine of the automobile is idling. Assume that the 
output of the magnitude-of-pedal depression sensor 60 
indicates that the acceleration pedal of the automobile so 
is released and the output of the vehicle speed sensor 
70 indicates that the automobile is at a halt In this case, 
the engine is idling. The judgment of step 220 is there- 
fore made in the affirmative. 

[0090] At step 230. the remaining capacity SOC in this 55 
stage is compared with a predetermined remaining ca- 
pacity SOCa. The remaining capacity SOCa corre- 
sponds to the lower limit of the range of values to be 



assumed by the remaining capacity of the battery B with- 
in which restarting of the engine is enabled. If SOOSO- 
Ca, the judgement of step 230 is made in the affirmative. 
Consequently, at step 240, the time t having elapsed 
since the remaining capacity SOC is previously calcu- 
lated at step 362 is compared with a predetermined time 
TO. The predetermined time TO is a time long enough to 
ensure the reliability of the remaining capacity SOC. 
[0091] If t<T0 in this stage, it signifies that the reliabil- 
ity of the remaining capacity SOC is ensured. The judg- 
ment of step 240 is therefore made in the negative. The 
engine E is then stopped (step 241). Namely, the auto- 
matic engine stop/start control circuit 90 enables auto- 
matic stopping of the engine E. This means that when 
the automobile is driven again, the engine E will be 
smoothly started but will not stall, because the remain- 
ing capacity SOC is appropriate. If the judgment of step 
240 is made in the affirmative, the reliability of the re- 
maining capacity SOC cannot be ensured. The SOC de- 
tection request flag F is therefore set to 1 at step 250. 
[0092] After step 250 is completed, or if the judgment 
of step 230 is made in the negative, the index P of po- 
larization is compared with the upper limit Pa at step 
260. If P<Pa in this stage, the judgment of step 260 is 
made in the affirmative. The SOC detection request flag 
F is set to 1 at step 261 . 

[0093] After the step 261 is completed, or after the 
step 240 is completed, it is judged from an output of the 
magnitude-of-pedal depressbn sensor 60 at step 270 
whether the acceleration pedal of the automobile has 
been depressed. 

[0094] If the acceleration pedal has been depressed, 
the judgment of step 270 is made in the affirmative. The 
engine E is started at step 271 . Namely, the automatic 
engine stop/start control circuit 90 enables automatic 
starting of the engine E. This means that the engine E 
will be smoothly started, because the remaining capac- 
ity SOC is appropriate. 

[0095] If the judgment of step 220 is made in the neg- 
ative, if the judgement of step 270 is made in the nega- 
tive, or after step 271 is completed, the judgment of step 
280 is made in the negative because the ignition switch 
IG is on in this stage. Step 210 and subsequent steps 
are repeated again. If the ignition switch IG is turned off, 
the judgment of step 280 is made in the affirmative. At 
step 281 , the remaining capacity SOCc in this stage is 
stored and preserved in the nonvolatile memory 1 00. 
[0096] As described previously, when the SOC detec- 
tion request flag F is set to 1 , ifthe index P of polarization 
calculated according to the aforesaid expression (9) ex- 
ceeds the upper limit Pa, the output voltage of the alter- 
nator 10 is lowered to the predetermined voltage Va. If 
the index P of polarization is smaller than the lower limit 
Pb, the output voltage of the alternator 10 is raised to 
the predetermined voltage Va. Thus, the index P of po- 
larization can be converged to the range of Pb^P^Pa. 
Consequently, even if the automobile runs in such a 
manner that the battery B must be charged for a long 
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period of time, the index P of polarization can be actively 
retained within the range of Pb<P<Pa. 
[0097] In other words, the output voltage of the alter- 
nator 1 0 is actively controlled so that the index P of po- 
larization wfll fall within the range of Pb<P^a with a s 
change in the index P canceled. The remaining capacity 
SOC is calculated by referencing the SOC vs . Vapen Q^ a 
using the open-circuit voltage of the battery B. The cal- 
culation of the remaining capacity SOC using the open- 
circuit voltage of the battery B is performed timely and 10 
highly precisely, if necessary. Consequently, unexpect- 
ed exhaustion of the battery can be prevented, and over- 
charge can be prevented. Eventually, the service life of 
the battery can be extended. 

[0098] Moreover, the remaining capacity SOC is used 15 
to judge whether automatic stopping of the engine E is 
enabled. This results in Improved precision in judgment 
In other words, if the remaining capacity SOC is equal 
to or larger than the lower limit of the range of SOC val- 
ues permitting re-actuation of the engine E, automatic 
stopping of the engine E can be achieved precisely. In 
contrast, if the remaining capacity SOC falls below the 
lower limit of the range of SOC values permitting re-ac- 
tuation of the engine E, automatic stopping of the engine 
E can be inhibited highly precisely, and stalling of the 
engine can be prevented reliably. 

(Embodiment 2) 

[0099] Next, Embodiment 2 in which the second mode 
of the present invention is implemented will be de- 
scribed in conjunction with Fig. 8 to Fig. 1 2. Fig. 8 shows 
an example in which the present invention is implement- 
ed in a motor-generator control system for automobiles. 
An automobile includes a motor-generator (MG) 10A. 
The MG 10A is driven by an engine E and thus gener- 
ates power or assists the engine E. An inverter 20A con- 
trols the power generated by the MG 10A so as to 
charge the battery B described in relation to Embodi- 
ment 1 . Moreover, the inverter 20A controls power sup- 
plied from the battery B and feeds the power to the load 
L described in relation to Embodiment 1 . 
[0100] A motor-generator (MG) control circuit 90A is 
controlled by an engine control unit ECU 90B under the 
control of a microcomputer 80B, and controls the invert- 
er 20A. The engine control unit ECU SOB not only con- 
trols the MG control circuit 90A but also controls the en- 
gine E. 

[0101] The microcomputer BOB runs a main control 
program and a sub control program serving as an inter- 
rupt control program as described in the flowcharts of 
Fig. 9 to Rg. 11 . The microcomputer 80B runs the main 
control program as described in the flowcharts of Fig. 9 
and Fig. 10 so as to allow the MG 1 0A to assist the en- 
gine or control the output of the MG 1 0A. 
[0102] Moreover, the microcomputer 80B runs the 
sub control program as described in the flowchart of Fig. 
11 so as to calculate the remaining capacity of the bat- 



tery B using a current detected by the current sensor 40 
described in relation to Embodiment 1 . It should be not- 
ed that the flowcharts of Fig. 9 and Frg. 10 include the 
same steps as the flowchart of Fig. 5, except steps 220 
to 271 that are replaced with steps 400 to 492. The flow- 
chart of Fig. 11 includes the same steps as the flow- 
charts of Rg. 6 and Rg. 7, except steps 330 to 351 and 
step 362. 

[0103] According to Embodiment 2, the sub control 
program is run in response to an interrupt issued at in- 
tervals of a predetermined time whose passage is indi- 
cated with a timer incorporated in the microcomputer 
80B. Power is always supplied from the battery B to the 
microcomputer 80B. The microcomputer 80B runs the 
main control program, and resets and starts the timer 
with the ignition switch IG of the automobile turned on. 
Moreover, the main control program and sub control pro- 
gram are stored in advance in the ROM incorporated in 
the microcomputer SOB. Data processed by the micro- 
computer 80B is stored in a nonvolatile memory 100A. 
[01 04] In Embodiment 2 having the foregoing compo- 
nents, when the ignition switch IG is turned on, the en- 
gine is started and the automobile is driven. At this time, 
since the ignition switch IG is turned on, the microcom- 
puter 80B makes a judgment in the affirmative at step 
200 in the flowchart of Rg. 9. The main control program 
entered at step 21 0 is then run, and the timer is reset to 
start. The sub control program is run to start at intervals 
of the predetermined time, passage of which is indicated 
by the timer, as described in the flowchart of Rg. 11 . 
[01 05] While the sub control program is running, sim- 
ilarly to Embodiment 1 . the remaining capacity SOC and 
the index P of polarization are calculated at steps 300 
to 320. Thereafter, steps 330 to 351 described in relation 
to Embodiment 1 are not executed. At steps 360 to 363, 
as described in relation to Embodiment 1 , it is judged 
whether the index P of polarization falls within the range 
of Pb<P<Pa, and the remaining capacity SOC is calcu- 
lated based on the open-circuit voltage of the battery B 
and stored. 

[0106] As mentioned above, if the judgment of step 
200 within the main control program is made in the af- 
firmative, the remaining capacity SOC stored at step 
363 is read at step 210 in the same manner as it is in 
Embodiment 1 . At step 400, the index P of polarization 
calculated at step 320 is read. 

[01 07] Thereafter, at step 41 0, a map listing, as shown 
in Rg. 12, conditions defined with the remaining capac- 
ity SOC or the index P of polarization is referenced in 
order to set or reset an engine assistance flag f, a re- 
generation flag g, and a generation suppression flag h, 
according to the remaining capacity SOC and the index 
P of polarization. 

[0108] Namely, when the index P of polarization is 
equal to or larger than the lower limit Pb and equal to or 
smaller than the upper limit Pa, if the remaining capacity 
SOC is equal to or larger than SOC1 and equal to or 
smaller than SOC2. the flags f and g are set to 1 s, and 
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the flag h is reset to 0. 

[0109] If the remaining capacity SOC is smaller than 
SOC1 f the flag f is reset to 0, the flag g is set to 1 , and 
the flag h is reset to 0. 

[0110] Moreover, if the remaining capacity SOC is s 
larger than SOC2, the flag f is set to 1 , the flag g is set 
to 1 , and the flag h is set to 1 . 

[0111] On the other hand, when P<Pb, if the remain- 
ing capacity SOC is smaller than SOC1 or if the remain- 
ing capacity SOC is equal to or larger than SOC1 and 
equal to or smaller than SOC2, the flag f is reset to 0, 
the flag g is set to 1 , and the flag h is reset to 0. If 
SOC2<SOC, the flag f is set to 1 , the flag g is set to 1 , 
and the flag h is set to 1 . 

[0112] When Pa<P, if the remaining SOC is smaller 
than SOC1 , the flag f is reset to 0, the flag g is set to 1 , 
and the flag h is reset to 0. If the remaining capacity SOC 
is equal to or larger than SOC1 and equal to or smaller 
than SOC2, the flag f is set to 1 , the flag g is set to 1 , 
and the flag h is set to 1 . If the remaining capacity SOC 
is larger than SOC2, the flag f is set to 1 , the flag g is 
reset to 0, and the flag h is set to 1 . 
[0113] Note that SOC1 and SOC2 denote the lower 
limit and upper limit of a permissible range of values to 
be assumed by the remaining capacity SOC. The map 
shown in Fig. 12 is stored in advance in the ROM in the 
microcomputer 80B. 

[0114] At step 420, it is judged whether the automo- 
bile is being accelerated. If the engine control unit ECU 
transmits a signal, which indicates that the automobile 
is being accelerated, to the microcomputer 80B, a judg- 
ment is made in the affirmative at step 420. Accordingly, 
it is judged at step 430 whether the engine assistance 
flag f is set to 1 . 

[01 1 5] If the engine assistance flag f is set to 1 at step 
410, since f=1 signifies that the engine E requires as- 
sistance, a judgment is made in the affirmative at step 
430. At step 431 , the MG 10A is controlled so that the 
MG 10A will assist the engine E. 
[0116] Assume that the index P of polarization is 
smaller than the lower limit Pb of the range of values 
permitting detection of the remaining capacity SOC, and 
the remaining capacity SOC is larger than the upper limit 
SOC2. In this case, the MG 1 0A is controlled so that an 
average of discharge current values detected during a 
time interval sufficiently shorter than a time constant 1/b 
where b is the constant b employed in the expression 
(9) will not exceed a current value expressed as b-Pbfy 
[0117] Consequently, the MG control circuit 90A con- 
trols the MG 1 0A so that the MG 1 0A will assist the en- 
gine E via the inverter 20A. This causes the engine E to 
raise its output voltage. That is to say, a current flows 
into the battery B so as to lower the index P of polariza- 
tion to a value equal to or smaller than the upper limit 
Pa. Eventually, while the property of the battery of re- 
ceiving a charging current is improved, exhaustion of the 
battery is prevented. 

[01 1 8] If the judgment of step 420 is made in the neg- 



ative or if the judgment of step 430 is made in the neg- 
ative, it is judged at step 440 whether the automobile is 
being decelerated. If the engine control unit ECU has 
transferred a signal, which indicates that the automobile 
is being decelerated, to the microcomputer 80B, the 
judgment of step 440 is made in the affirmative. 
[01 19] If the regeneration flag g is set to 1 at step 410, 
the flag g=1 signifies that a voltage produced by the MG 
1 0A must be raised. Consequently, the judgment of step 
450 is made in the affirmative, the voltage produced by 
the MG 1 0A is raised at step 451 . Consequently, the MG 
control circuit 90A controls the MG 1 0A via the inverter 
20A so as to raise the voltage to be produced by the MG 
10A. 

[0120] Herein, assume that the index P of polarization 
is smaller than the lower limit Pb and the remaining ca- 
pacity SOC is larger than the upper limit SOC2. In this 
case, as mentioned above, the voltage to be produced 
by the MG 10A is controlled so that an average of dis- 
charge current values detected during a time interval 
sufficiently shorter than a time constant 1/b where b is 
the constant b employed in the expression (9) will not 
exceed a currentvalue expressed as b-Pbfy In contrast, 
assume that the index P of polarization is larger than the 
upper limit Pa and the remaining capacity SOC is small- 
er than the lower limit SOC1. In this case, the voltage to 
be produced by the MG 1 0A is controlled so that an av- 
erage of discharge current values detected during a time 
interval sufficiently shorter than a time constant 1/a 
where a is the constant a employed in the expression 
(9) will not exceed a current value expressed as a-Pa/y. 
[0121] Thereafter, at step 460, a judgment is made 
similarly to step 220 in Fig. 5. Herein, if the engine E is 
idling, the judgment of step 460 is made in the affirma- 
tive. It is then judged at step 470 whether the generation 
suppression flag h is set to 1 . If the generation suppres- 
sion flag h is set to 1 at step 41 0, since h=1 signifies that 
the voltage to be produced by the MG 1 0A must be sup- 
pressed, a judgment is made in the affirmative at step 
470. Based on the judgment, the voltage to be produced 
by the MG 1 0A is suppressed at step 471 . Consequent- 
ly, the MG control circuit 90A controls the MG 10A via 
the inverter 20A so as to suppress the voltage to be pro- 
duced by the MG 1 0A. This means that a current flows 
into the battery B so as to increase the index P of polar- 
ization to a value equal to or larger than the lower limit 
Pb. 

[0122] Herein, if the index P of polarization is smaller 
than the lower limit Pb and the remaining capacity SOC 
is larger than the upper limit SOC2, the voltage to be 
produced by the MG 1 0A is controlled in the same man- 
ner as mentioned above. Namely, the voltage to be pro- 
duced by the MG 10A is controlled so that an average 
of discharge current values detected during a time in- 
terval sufficiently shorter than a time constant 1/b where 
b is the constant b employed in the expression (9) will 
not exceed a current value expressed as b-Pb/y. 
[01 23] Thereafter, at step 480, it is judged whether the 
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automobile is being accelerated or decelerated and 
whether the engine E is idling. If the automobile is being 
neither accelerated nor decelerated and the engine E is 
not idling, the judgment of step 480 is made in the af- 
firmative. Similarly to step 470, it is judged at step 490 
whether the generation suppression flag h is set to 1 . 
[0124] If the judgment of step 490 is made in the af- 
firmative, the voltage to be produced by the MG 1 0A is 
suppressed at step 491 similarly to at step 471 . Conse- 
quently, the MG control circuit 90A controls the MG 1 0A 
via the inverter 20A so as to suppress the voltage to be 
produced by the MG 10A. 

[0125] Herein, if the index P of polarization is smaller 
than the lower limit Pb and the remaining capacity SOC 
is larger than the upper limit SOC2, the voltage to be 
produced by the MG 1 0A is controlled in the same man- 
ner as mentioned above. Namely, the voltage to be pro- 
duced by the MG 10A is controlled so that an average 
of discharge current values detected during a time in- 
terval sufficiently shorter than a time constant 1/b where 
b is the constant b employed in the expression (9) will 
not exceed a current value expressed as b-Pb/y ; 
[0126] If me judgement of step 480 or step 490 is 
made in the negative or after step 491 is completed, the 
flags f , g, and h are reset to 0s, at step 492. Step 280 
and subsequent steps are then performed in the same 
manner as they are in Embodiment 1 . 
[01 27] As described previously, the output voltage of 
the MG 10A is controlled so that the index P of polari- 
zation will be actively converged to the range of 
Pb<P<Pa. Calculation of the remaining capacity SOC 
using the open-circuit voltage of the battery B can be 
performed timely and highly precisely. Furthermore, the 
property of the battery B of receiving a charging current 
is maintained satisfactorily. The battery can therefore be 
efficiently charged at a required timing. Thus, energy 
can be collected efficiently. 

[Embodiments in which the third mode of the present 
invention is implemented] 

[01 28] Embodiments a to e in which the third mode of 
the present invention is implemented will be described 
in conjunction with the drawings below. 

(Embodiment a) 

[0129] Fig. 13 shows Embodiment a of a charging 
control system that controls charging of a battery B for 
automobiles and in which the present invention is imple- 
mented. The battery B is realized with a lead-acid bat- 
tery, which is one type of battery. 
[0130] The charging control system includes, as 
shown in Rg. 13, an alternator 10, a rectifier 20, and a 
regulator 30. The alternator 10 produces an ac voltage 
when being driven by an engine of an automobile. The 
rectifier 20 rectifies the ac voltage produced by the al- 
ternator 1 0, produces a rectified voltage, and applies the 



rectified voltage to the battery B and regulator 30. The 
regulator 30 regulates the voltage rectified by the recti- 
fier 20 under the control of a microcomputer 80C that 
will be described later, and transfers the resultant volt- 

5 age to the battery B and an electrical load L 

[0131] Moreover, the charging control system in- 
cludes a current sensor 40, a voltage sensor 50, and a 
microcomputer 80C. The current sensor 40 detects a 
charging current of the battery B or a discharge current 

10 thereof. The voltage sensor 50 detects the voltage at 
the terminals of the battery B. 

[0132] The microcomputer 80C runs a main control 
program and a sub control program serving as an inter- 
rupt control program as described in the flowcharts of 

15 Rg. 14 and Rg. 15. While the main control program is 
running, the microcomputer 80C judges from a current 
detected by the current sensor 40 whether the battery 
B is fully charged. Moreover, the microcomputer 80C 
performs processing required to control the regulator 30 

20 or stores data in a memory. Moreover, while the subcon- 
trol program is running, the microcomputer 80C judges 
a current detected by the current sensor 40 and a volt- 
age detected by the voltage sensor 50. 
[0133] According to Embodiment a, the sub control 

25 program is run in response to an interrupt issued at in- 
tervals of a predetermined time whose passage is indi- 
cated by a timer incorporated in the microcomputer B0C. 
Power is always supplied from the battery B to the mi- 
crocomputer 80C, and the microcomputer 80C is there- 

30 fore always active. When the ignition switch IG of the 
automobile is turned on, the main control program is run 
to start and the timer is reset to start. Incidentally, the 
main control program and sub control program are 
stored in advance in the ROM in the microcomputer 

35 80C. 

[01 34] In Embodiment a having the foregoing compo- 
nents, when the ignition switch IG is turned on, the au- 
tomobile is driven with the starting of the engine. At this 
time, when the ignition switch IG is turned on, the mi- 

40 crocomputer 80C is activated. The main control pro- 
gram starts to run as described in the flowchart of Rg. 
14. The timer is reset to start. The sub control program 
starts to run as described in the flowchart of Rg. 15 at 
intervals of a predetermined time whose passage is in- 

45 rficated by the timer. 

[0135] While the sub control program Is running, a 
current detected by the current sensor 40 (hereinafter a 
battery current I) and a voltage detected by the voltage 
sensor 50 (hereinafter a battery voltage V) are trans- 

50 ferred to the microcomputer 80C. At steps 61 0 and 620, 
the battery current I and battery voltage V are compared 
with a predetermined current value Is and a predeter- 
mined voltage value Vs respectively. The predeter- 
mined current value Is and predetermined voltage value 

55 Vs are introduced in order to judge whether the battery 
is fully charged. The grounds on which the values are 
introduced will be described below. Namely, the distri- 
bution of battery voltage values and the distribution of 
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battery current values were examined with the battery 
B fully charged. Fig. 1 6 shows the results of the exam- 
ination. It should be noted that the battery B is realized 
by connecting six lead-acid batteries, for which the rated 
voltage is set to 12 V, in series with one another. s 
[0136] Fig. 16 demonstrates that the fully-charged 
state of the battery B can be judged highly precisely. 
Namely, if the terminal voltage of the battery B and the 
current flowing through the battery B fall within a domain 
specified with voltage values equal to or larger than 14 10 

V and current values equal to or smaller than 0 A 
(hatched part of Rg. 16), the battery B is judged to be 
fully charged. Herein, the reason why the terminal volt- 
age of the battery B should be equal to or larger than 1 4 

V is that the terminal voltage of the battery B rises to be *5 
higher than the rated voltage for the battery B when the 
battery B is almost fully charged. Therefore, such a high 
voltage is adopted in order to judge a' fully-charged 
state. In Rg. 16, point Q represents the battery voltage 

V of 1 4 V and the battery current I of 0 A. 20 
[01 37] The reason the current flowing through the bat- 
tery B should be equal to or smaller than 0 A will be 
described below. Namely, a current flows into the battery 

B during charging of the battery B. The terminal voltage 
of the battery B is raised with a voltage drop stemming 2s 
from internal resistance. Moreover, a current flows out 
of the battery B during discharging of the battery B. The 
terminal voltage of the battery B is lowered with a volt- 
age drop stemming from internal resistance. Conse- 
quently, 0 A or less is adopted as the value of the current so 
flowing through the battery B in order to judge the fully- 
charged state. 

[01 38] As mentioned above, it is adopted as a criteri- 
on for the fully-charged state of the battery B that the 
terminal voltage of the battery B and the current flowing 35 
through it should belong to a domain defined with volt- 
age values equal to or larger than 14V and current val- 
ues equal to or smaller than 0 A. Compared with when 
whether the battery B is fully charged is judged from the 
voltage at the terminals of the battery B, the precision 40 
in judgment improves markedly. In Embodiment a, 
therefore, the predetermined current value Is and pre- 
determined voltage value Vs are set to 0 A and 14V 
respectively and introduced in order to judge the fully- 
charged state of the battery B. 45 
[0139] If the battery B is charged 90 %, the battery 
voltage and the battery current do not fall within the do- 
main expressed as a hatched part of Fig. 17 (the same 
as the hatched part of Rg. 16). Based on this fact, 
whether the battery B is fully charged can be judged. so 
[01 40] As mentioned above, when "battery current I < 
predetermined current value Is" and "battery voltage V 
> predetermined voltage value Vs" are met, the judg- 
ments of steps 610 and 620 are made in the affirmative. 
It is judged at step 630 that the battery B is fully charged. 55 
[01 41 ] Moreover, as mentioned above, when the main 
control program is run to start, before the ignition switch 
IG is turned on, the remaining capacity SOC represent- 



ing the charged state of the battery B and being stored 
at step 580 is read as a previous value SOCo from the 
ROM in the microcomputer 80C at step 500 in Rg. 14. 
Herein, the remaining capacity SOC is provided as a ra- 
tio in percentage % of the actual capacity of the battery 
B to the capacity thereof attained when the battery B is 
fully charged. 

[01 42] At step 51 0, a current detected by the current 
sensor 40 is read as the battery current I. At step 520, 
the remaining capacity SOC is calculated based on the 
battery current I and previous value SOCo according to 
the aforesaid expression (3). As mentioned previous, C 
denotes the rated capacity (A -sec) for the battery B and 
t denotes a sampling time (sec). 
[0143] Thereafter, at step 530, it is judged whether the 
battery B is fully charged. If the sub control program is 
run with issuance of an interrupt, it is judged at step 530 
whether the battery is fulfy charged. In this case, the 
judgment of step 530 is made in the affirmative. At step 
540, the remaining capacity SOC is corrected to 1 00 %. 
A judgment is then made at step 550. In contrast, if the 
judgment of step 530 is made in the negative, the re- 
maining capacity SOC is not corrected, but remains set 
to the previous value SOCo. The judgment of step 550 
is then made. 

[0144] At step 550, it is judged whether a predeter- 
mined time has elapsed since it is judged at step 530 
that the battery is fully charged. If the predetermined 
time has elapsed, it is judged that the remaining capacity 
SOC of the battery B has decreased from that attained 
in the fully-charged state. The judgment of step 550 is 
therefore made in the affirmative. At step 560, an ad- 
justing voltage to be produced by the regulator 30 is set 
to a predetermined voltage value in order to increase an 
amount of ac power to be generated by the alternator 
10 and to thus fully charge the battery B. Accordingly, 
the adjusting voltage to be produced by the regulator 30 
is controlled and set to the predetermined voltage value 
by the microcomputer B0C. 

[0145] Since the ignition switch IG is not turned off, if 
the judgment of step 570 is made in the negative, step 
510 and subsequent steps are repeated. If the ignition 
switch IG is turned off, the judgment of step 570 is made 
in the affirmative. At step 580, the remaining capacity 
SOC in this stage is stored and preserved in the RAM 
in the microcomputer SOC. As described above, the sub 
control program is run in order to judge the fully-charged 
state of the battery B. At this time, if the battery current 
I is equal or smaller than the predetermined current val- 
ue Is and the battery voltage V is equal to or larger than 
the predetermined voltage value Vs, the battery B is 
judged to be fully charged. Compared with when wheth- 
er the battery B is fully charged is judged from the ter- 
minal voltage of the battery B, the fully-charged state of 
the battery B can be judged highly precisely. Using this 
method of judging whether a battery is fully charged, the 
remaining capacity SOC of the battery B can always be 
calculated highly precisely. 
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[0146] fn this case, as mentioned above, every time 
the predetermined time has elapsed since it is judged 
that the battery B is fully charged, an adjusting voltage 
to be produced by the regulator 30 is set to the prede- 
termined voltage value so that an amount of ac power 5 
to be generated by the alternator 10 will be increased in 
orderto thus fully charge the battery B. Judgment on the 
fully-charged state of the battery B and calculation of 
the remaining capacfty SOC can be achieved highly pre- 
cisely while being unaffected by regulation of a voltage 10 
produced by the alternator 10 performed by the regula- 
tor 30. Consequently, overcharge of the battery B can 
be prevented and the service life of the battery B can be 
extended. 

15 

(Embodiment b) 

[0147] Next, Embodiment b in which the third mode 
of the present invention is implemented will be de- 
scribed in conjunction with Fig. 18. For Embodiment b, 20 
the flowchart of Fig. 1 8 is substituted for the flowchart 
of Fig. 15 described in relation to Embodiment a. Ac- 
cording to Embodiment b, the microcomputer 80C de- 
scribed in relation to Embodiment a runs, as described 
in the flowchart of Fig. 1 8 instead of the flowchart of Fig. 25 
15, the sub control program in response to an interrupt 
issued at intervals of a time whose passage is indicated 
by the timer. The other components are identical to 
those of Embodiment a. 

[01 48] I n Embodiment b having the foregoing compo- 30 
nents, when an automobile is driven, the microcomputer 
80C runs and starts the main control program as de- 
scribed in the flowchart of Fig. 14, and also starts, as 
described in the flowchart of Fig. 18, running the sub 
control program along with issuance of an interrupt at 35 
intervals of a time whose passage is indicated by the 
timer. 

[01 49] When the sub control program is run, a voltage 
detected by the voltage sensor 50 and a current detect- 
ed by the current sensor 40 are transferred as a battery 40 
voltage V and a battery current I to the microcomputer 
80C at step 300 in Fig. 18. At step 710, the index P of 
polarization is calculated based on the battery current I 
(A) according to the aforesaid expression (9).. As men- 
tioned above, 7 denotes a correction term that permits 4S 
correction of a variation of the efficiency in charging the 
battery B (becomes positive during charging of the bat- 
tery B), andt denotes a time (sec). Moreover, Id denotes 
a correction term that permits correction of a change in 
the concentration of electrolytic solution in the battery so 
B. Assume that Po denotes a value the index P assumes 
immediately before time instant t1 , and that a and b de- 
note constants. In this case, when Po>0, ld=a-Po. When 
Po=0, ld=0. When P<0, ld=b-Po. Incidentally, the ex- 
pression (9) is stored in advance in the ROM in the mi- 55 
crocomputer 80C. 

[01 50] As mentioned above, when the index P is cal- 
culated, the index P of polarization and the battery volt- 



age V are compared with a predetermined index value 
Ps and a predetermined voltage value Vs respectively 
at steps 720 and 730. 

[01 51 ] The predetermined index value Ps and prede- 
termined voltage value Vs are introduced in order to 
judge whether the battery B is fully charged. The 
grounds on which the values are introduced wiD be de- 
scribed below. As mentioned above, while the automo- 
bile is running, a rise in the terminal voltage of the battery 
B is not always associated with the fully-charged state 
thereof because of polarization. Therefore, even when 
the rise in the terminal voltage of the battery is moni- 
tored, the fully-charged state cannot be judged precise- 
ly. 

[0152] According to Embodiment b, a parameter 
based on which polarization stemming from charging or 
discharging of the battery B Is estimated in relation to 
the history of charging/discharge current values, and a 
rise in a battery voltage occurring when the battery B is 
almost fully charged are monitored. When the effect of 
polarization is presumed to be limited, if the battery volt- 
age rises, It is judged that the battery B is fully charged. 
Thus, the fully-charged state of the battery B can be 
judged highly precisely- Moreover, the remaining capac- 
ity SOC can be calculated highly precisely by utifizing 
the judgment. 

[0153] From the foregoing viewpoint, according to 
Embodiment b, the predetermined voltage value Vs de- 
scribed in relation to Embodiment a is introduced. Be- 
sides, the predetermined index value Ps (= 1000 Asec 
to 2000 Asec) is introduced on behalf of the predeter- 
mined current value Is described in relation to Embodi- 
ment a. The predetermined index value Ps is not limited 
to the range from 1 000 Asec to 2000 Asec because po- 
larization stems from a change in the concentration of 
electrolytic solution. Alternatively, the predetermined in- 
dex value Ps may be any value permitting negligence 
of the change in the concentration of electrolytic solu- 
tion, that is, a value unsusceptible to polarization. 
[0154] Consequently, when "index P of polarization £ 
predetermined index value Ps" and "battery voltage V £ 
predetermined voltage value Vs" are met, the judgments 
of steps 720 and 730 are made in the affirmative. At step 
740, it is judged that the battery B Is fully charged. 
[0155] Similarly to Embodiment a, control is then 
passed to step 530 in the main control program. Unlike 
Embodiment a, il is judged from the judgment made at 
step 740 (see Fig. 1 8) whether the battery B is fully 
charged. The other steps included in the main control 
program are identical to those employed in Embodiment 
a. 

[0156] As described previously, in Embodiment b, 
when rt is found within the sub control program that the 
index P of polarization is equal to or smaller than the 
predetermined index value Ps and the battery voltage 
V is equal to or larger than the predetermined voltage 
value Vs, it is judged that the battery B is fully charged. 
Therefore, compared with when whether battery B is f ul- 
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ly charged is judged from the terminal voltage of the bat- 
tery B, whether the battery B is fully charged can be 
judged highly precisely without being unaffected by po- 
larization. Using this method of judging whether a bat- 
tery is fully charged, the remaining capacity SOC of the 
battery B can be calculated highly precisely all the time. 
The other advantages are identical to those of Embod- 
iment a. 

(Embodiment c) 

[01 57] Next, Embodiment c in which the third mode of 
the present invention is implemented will be described 
in conjunction with Fig. 1 9. For Embodiment c, the flow- 
chart of Fig, 1 9 is adopted on behalf of the flowchart of 
Fig. 15 described in relation to Embodiment a. In Em- 
bodiment c, the microcomputer 80C described in rela- 
tion to Embodiment a runs, as described in the flowchart 
of Fig. 1 9 substituted for the flowchart of Fig. 1 5, the sub 
control program in response to an interrupt issued at in- 
tervals of a time whose passage is indicated by the tim- 
er. 

[01 58] Incidentally, the flowchart of Fig. 1 9 is made up 
of step BOO equivalent to step 600 in Fig. 15, steps 810 
and 820 equivalent to steps 71 0 and 720 in Fig. 1 8, and 
steps 830, 840, and 850 equivalent to steps 610, 620, 
and 630 in Fig. 15. The other components are identical 
to those of Embodiment a. 

[01 59] In Embodiment c having the foregoing compo- 
nents, when an automobile is driven, the microcomputer 
80C runs and starts the main control program as de- 
scribed in the flowchart of Fig. 14. Moreover, the micro- 
computer 80C runs and starts the sub control program 
in response to an interrupt issued at intervals of a time 
whose passage is indicated by the timer as described 
in the flowchart of Fig. 19. 

[0160] When the sub control program is running, a 
voltage detected by the voltage sensor 50 and a current 
detected by the current sensor 40 are transferred as a 
battery voltage V and a buttery current I to the micro- 
computer 80C at step 800 in Fig. 1 9. Accordingly, at step 
810, similarly to step 710 in Fig. 1 8, the index P of po- 
larization is calculated based on the battery current I (A) 
according to the aforesaid expression (2). 
[0161] At step 820, similarly to step 720 in Fig. 18, it 
is Judged whether "index P of polarization < predeter- 
mined index value Ps" is met. If the judgment of step 
820 is made in the affirmative, it is judged at step 830 
similarly to step 610 in Fig. 15 whether "battery current 
I < predetermined current value Is" is met If the judg- 
ment of step 840 is made in the affirmative, it is judged 
at step 850 that the battery B is fully charged. 
[0162] Control is then passed to step 530 within the 
main control program in the same manner as it is de- 
scribed in relation to Embodiment a. Unlike Embodiment 
a, whether the battery B is fully charged is judged from 
the judgment of step 850 (see Fig. 1 9). The other steps 
within the main control program are identical to those 



employed in Embodiment a. 

[0163] As described previously, in Embodiment c, 
when it is found within the sub control program that the 
index P of polarization is equal to or smaller than the 

5 predetermined index value Ps, the battery current I is 
equal to or smaller than the predetermined current value 
Is, and the battery voltage V is equal to or larger than 
the predetermined voltage value Vs, it is judged that the 
battery B is fully charged. The fulfy-charged state of the 

10 battery B can therefore be judged highly precisely com- 
pared with when it is judged in accordance with Embod- 
iment a or b. Using this method of judging whether a 
battery is fully charged, the remaining capacity SOC of 
the battery B can be calculated highly precisely all the 

is time compared with when it is in accordance with Em- 
bodiment a or b. The other advantages are identical to 
those of Embodiment a. 

(Embodiment d) 

20 

[0164] Next, Embodiment d in which the third mode 
of the present invention is implemented will be de- 
scribed in conjunction with Rg. 20 and Fig. 21 . For Em- 
bodiment d, the flowcharts of Rg. 20 and Rg. 21 are 

25 adopted on behalf of the flowchart of Fig. 1 9 described 
in relation to Embodiment c. In Embodiment d, the mi- 
crocomputer 80C described in relation to Embodiment 
c runs the sub control program in response to an inter- 
rupt, which is issued at intervals of a time whose pas- 

30 sage is indicated by the timer, as described in the flow- 
charts of Rg. 20 and Rg. 21 substituted for the flowchart 
of Fig. 19. However, the flowcharts of Fig. 20 and Fig. 
21 are compiled by inserting steps 91 0 to 960 equivalent 
to steps 800 to 850 in Rg. 1 9 between step 900 and 

35 steps 970 to 982. The other components are identical 
to those described in relation to Embodiment c. 
[01 65] In Embodiment d having the foregoing compo- 
nents, when an automobile is driven, the microcomputer 
80C runs and starts the main control program as de- 

40 scribed in the flowchart of Rg. 14. The microcomputer 
80C runs and starts the sub control program in response 
to an interrupt, which is issued at intervals of a time 
whose passage is indicated by the timer, as described 
in the flowcharts of Fig. 20 and Fig. 21 . 

45 [0166] Within the sub control program, a regulator 
control flag F is reset to 0 at step 900 in Fig. 20. There- 
after, steps 910 to 960 are performed in the same man- 
ner as steps 800 to 850 in Fig. 1 9. Immediately after 
step 900, the judgment of any of steps 930 to 950 is 

50 made in the negative. 

[0167] At step 970 in Fig. 21 , it is judged whether a 
predetermined time has elapsed since the flag F is reset 
to 0 at step 900. If the predetermined time has not 
elapsed, the judgment of step 970 is made in the nega- 

55 tive. Control is then passed to step 980. The judgment 
of step 980 is also made in the negative. 
[0168] If the predetermined time has elapsed since 
the flag F is reset to 0 at step 900, the judgment of step 
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970 is made in the affirmative. At step 971 , an adjusting 
voltage to be produced by the regulator 30 is set to a 
predetermined voltage value (higher than the adjusting 
vortage). Consequently, the regulator 30 regulates the 
adjusting voltage to the predetermined voltage value ac- 
cording to the setting performed by the microcomputer 
80C. 

[0169] When step 971 is performed as mentioned 
above, the regulator control flag F is set to 1 at step 972. 
Thereafter, at step 980, it is judged whether a predeter- 
mined time has elapsed since the flag F is set to 1 . If the 
predetermined time has not elapsed, the judgment of 
step 980 is made in the negative. With the adjusting volt- 
age to be produced by the regulator 30 set to the pre- 
determined voltage value, steps 91 0 to 960 are execut- 
ed in order to judge whether the battery is fully charged. 
[0170J Thereafter, If the predetermined time has 
elapsed since the flag F is set to 1 , the judgment of step 
980 is made in the affirmative. At step 981 , the adjusting 
vortage to be produced by the regulator 30 is restored 
to a normal voltage value. Consequently, the regulator 
30 regulates the adjusting vortage to the normal vortage 
value according to the restoration performed by the mi- 
crocomputer 80C. At step 982 succeeding step 981 , the 
flag F is reset to 0. 

[0171] As described above, in Embodiment d, when 
it is found within the sub control program that the index 
P of polarization is equal to or smaller than the prede- 
termined index value Ps, the battery current I is equal 
to or smaller than the predetermined current value Is, 
and the battery voltage V is equal to or larger than the 
predetermined voltage value, it is judged that the battery 
B is fully charged. Thus, the fully-charged state of the 
battery B can be judged highly precisely in the same 
manner as it is in Embodiment c. 
[0172] In Embodiment d, while the sub control pro- 
gram is running, if the regulator control flag F is set to 
1 , that is, if the adjusting voltage to be produced by the 
regulator 30 is retained at the predetermined voltage 
value, whether the battery B is fully charged is judged 
through steps 910 to 960. Consequently, when the ad- 
justing voltage to be produced by the regulator 30 is set 
to the normal voltage value, whether the battery is fully 
charged can be judged highly precisely while being un- 
affected by polarization. Using the method of judging 
whether a battery Is fully charged, the remaining capac- 
ity SOC of the battery B can be calculated more highly 
precisely. The other advantages are identical to those 
of Embodiment a. 

(Embodiment e) 

[0173] Next, Embodiment e in which the third mode 
of the present invention is implemented will be de- 
scribed in conjunction with Fig. 22Ato Fig. 28. Embod- 
iment e has been proposed from the viewpoint de- 
scribed below. 

[0174] Calculation of the remaining capacity SOC of 



a battery is required to be precisely achieved as shortly 
as possible. In efforts to meet this requirement, ft is pos- 
sible to calculate the remaining capacity SOC by utiliz- 
ing the open-circuit voltage of the battery (the voltage 

5 at the terminals of the battery attained when a nearly 
zero current flows through the battery). 
[0175] The open-circuit voltage of the battery B de- 
scribed in relation to Embodiment b was discussed. This 
results in data shown in Fig. 23. Referring to Fig. 23, a 

10 curve L1 indicates the relationship between the open- 
circuit voltage and remaining capacity SOC established 
in the initial stage of use of the battery B in which the 
battery B has not deteriorated. A curve L2 indicates the 
relationship between the open-circuit vortage and re- 

15 maining capacity SOC established after the battery B 
has deteriorated because of use. 
[0176] According to the curves L1 and L2, the open- 
circuit voltage of the battery B changes to relatively In- 
crease along with the progress of deterioration of the 

20 battery B irrespective of the remaining capacity SOC. 
When the open-circuit voltage changes with the 
progress of deterioration of the battery, the remaining 
capacity SOC cannot be calculated highly precisely by 
merely utilizing the open-circuit voltage. 

25 [0177] Therefore, the expression (9) described in re- 
lation to Embodiment b was discussed. The aforesaid 
expression (9) is an experimental expression for calcu- 
lating the distribution of the concentration values of elec- 
trolytic solution occurring near the electrodes of the bat- 

30 tery as the index P of polarization by integrating the 
charging/discharge current values of the battery B. 
[0178] In consideration of the index P of polarization 
provided by the experimental expression, the relation- 
ship between the terminal voltage of the battery B (bat- 

55 tery voltage) and the current flowing through the battery 
B (battery current) was investigated. This results in data 
shown in Fig. 24a to Fig. 24c. Fig. 24a shows the rela- 
tionship between the battery voltage and battery current 
of the battery B in a running automobile established as 

40 data unrelated to the index P. Fig. 24b shows the rela- 
tionship between the battery voltage and battery current 
of the battery B established with the condition of index 
IPI<1000 met. Fig. 24c shows the relationship between 
the battery voltage and battery current of the battery B 

45 established with the condition of IPI<100 met. 

[0179] The comparison among the data Items shown 
in Fig. 24a to Fig. 24c (see K in Fig. 24a to Fig. 24c) 
facilitates selection of data representing the relationship 
between the battery vortage and battery current of the 

so battery B established originally. In other words, accord- 
ing to the expression (9), when the index P assumes a 
value near zero, the distribution of the concentration val- 
ues of electrolytic solution in the battery B becomes uni- 
form, and an accurate open-circuit voltage can be pre- 

55 sumabry detected. 

[0180] From the above viewpoint the relationship 
among the open-circuit voltage of the battery B, the in- 
dex P, and the remaining capacity SOC was discussed. 
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For example, Rg. 25a and Fig. 25b show the battery 
voltage and battery current as functions of time by a time 
instant when the battery B is fully charged by adopting 
a constant current-constant voltage charging method. 
[01 81 J Referring to Rg. 25a, a curve M 1 indicates the 
battery voltage of the battery B that is a new battery, 
while a curve N 1 indicates the battery voltage of the bat- 
tery B that is a deteriorated battery. Referring to Fig. 25b, 
a curve M2 indicates the battery current of the new bat- 
tery B, while a curve N1 indicates the battery current of 
the deteriorated battery B. Referring to the curves, when 
the battery voltage gets maximum and the battery cur- 
rent gets minimum (see points M20 and N20 in Fig. 25b), 
the new battery B and deteriorated battery B are judged 
to be fully charged. 

[01 82] Based on the data shown in Fig. 25a and 25b, 
a graph like the one shown in Rg. 1 6 was plotted as data 
shown in Rg. 26a in consideration of adaptation to an 
actual automobile. Referring to Fig. 26a, a point Q spec- 
ified with coordinates is equivalent to the point M20 or 
N20 in Fig. 25b. The point Q in Rg. 26a corresponds to 
the point Q in Rg. 1 6, that is, a fully-charged state judg- 
ment point specified with the battery voltage of almost 
14 V and the battery current of almost zero. 
[01 83] However, when it comes to adaptation of the 
present embodiment to an actual automobile, there is a 
problem. Namely, the distribution of points each speci- 
fied with the battery voltage and battery current spreads 
widely. Therefore, the distribution of points specified 
with battery voltage values and battery current values 
detected when the remaining capacity SOC is 80 % (see 
Rg. 26a) is hardly discriminated from the distribution of 
points specified with battery voltage values and battery 
current values detected when the remaining capacity 
SOC is 100 % (see Rg. 26b). 

[01 84] In contrast, assume that points specified with 
battery voltage values and battery current values detect- 
ed when the index P of polarization assumes an abso- 
lute value smaller than 2000, that is, when IPI<2000 are 
plotted. In this case, the distribution of points specified 
with battery voltage values and battery current values 
detected when the remaining capacity SOC is 80 % (see 
Fig. 27a) can be clearly discriminated from the distribu- 
tion of points specified with battery voltage values and 
battery current values detected when the remaining ca- 
pacity SOC is 100 % (see Rg. 27b). 
[01 85] In consideration of the above fact, a change in 
the remaining capacity SOC and a change in the index 
P of polarization were investigated during running of an 
actual automobile. This results in data shown in Fig. 28. 
Referring to Rg. 28, a curve R1 represents the time-se- 
quential change in the remaining capacity SOC of the 
battery B, while a curve R2 represents the time-sequen- 
tial change in the index P of polarization of the battery B. 
[0186] Referring to Fig. 28, parts P1 of the curves in- 
dicate the remaining capacity SOC and the index P 
(IPl<2000) attained when the battery B is almost fully 
charged. At this time, the battery current of the battery 



B is nearly zero and the open -circuit voltage thereof is 
as high as almost 14 V (see Rg. 23). After the battery 
B is thus fully charged, the battery is discharged freely 
in order to decrease the index P of polarization. When 
5 the index P assumes an absolute value smaJler than 1 00 
(IPI<100) as indicated by part P2 of the curve R2 in Rg. 
28, polarization is satisfactorily canceled. In this state, 
an accurate open-circuit voltage can be detected as 
mentioned above. 

[0187] The remaining capacity SOC attained in this 
state is calculated according to the following expression 
(10): 

SOC = (AhO - Qd) / (AhO • S) • 1 00 % (1 0) 

where AhO denotes the rated capacity for the battery B, 
Od denotes an amount of discharge energy of the bat- 
tery B accumulated from the instant the index P as- 
sumes a value P1 to the instant the index P assumes a 
value P2, and S denotes a temperature coefficient. 
[01 88] The open -circuit voltage of the battery B whose 
remaining capacity SOC assumes the value provided 
by the expression (10) is plotted as point W in the graph 
of Fig. 23. The point W is located on an extension of a 
straight part of the curve L2 which indicates the remain- 
ing capacity SOC of 80 % or less. Moreover, the curve 
L2 is obtained by moving the curve L1 in parallel along 
the coordinate axis indicating the open-circuit voltage. 
[0189] Consequently, the data representing the rela- 
tionship between the open-circuit voltage and remaining 
capacity SOC established when the battery B has dete- 
riorated is provided by extending a straight part of the 
curve L1 (see Fig. 23), which represents the initial char- 
acteristic of the battery B, as indicated with a dashed 
line, and then moving the straight part in parallel along 
the coordinate axis of the open-circuit voltage. In Em- 
bodiment e, the data representing the relationship be- 
tween the open-circuit voltage and remaining capacity 
SOC established in the initial state of the battery B in 
which the battery B has not deteriorate (see the curve 
L1 in Fig. 23) is produced in advance. Based on the data, 
the remaining capacity SOC of the battery B is learned 
quickly and highly precisely in consideration of an 
amount of energy discharged after it is judged that the 
battery B is fully charged. 

[0190] Consequently, in Embodiment e, the flow- 
charts of Fig. 22A and Fig. 22B are substituted for the 
flowcharts of Rg. 14 and Rg. 1 8 described in relation to 
Embodiment b. According to Embodiment e, the micro- 
computer B0C described in relation to Embodiment b 
runs a control program as described in the flowcharts of 
Rg. 22A and Rg. 22B substituted for the flowcharts of 
Rg. 14 and Rg. 18. The other components are identical 
to those of Embodiment b. 

[01 91 ] In Embodiment e having the foregoing compo- 
nents, when an automobile is running, the control pro- 
gram is run to start as described in the flowcharts of Rg. 
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22A and Rg. 22B. At step 1 000, a battery current I de- 
tected by the current sensor 40 and a battery voltage V 
detected by the voftage sensor 50 are received. At step 
1 001 . an amount of discharge energy, Qd, is calculated 
according to the following expression (11): 

Qd = Qd+£(|.dt) (11) 

[01 92] Thereafter, at step 1 002, the remaining capac- 
ity SOC of the battery B is calculated based on the cal- 
culated amount of discharge energy Qd according to the 
expression (1 0). At step 1 003, the index P of polarization 
is calculated based on the battery current I according to 
the expression (9). 

[01 93] In this stage, if the absolute value of the index 
P is equal to or larger than a predetermined value 
Pa=100, a judgment Is made in the negative at step 
1 01 0. At step 1 020, it is judged whether the running time 
of the automobile has exceeded a predetermined time 
(for example, 10 hours). The running time of an auto- 
mobile is a time calculated as a multiple of one routine 
time (0.1 sec) that is required to complete a routine de- 
scribed in the flowchart of Rg. 22 and whose passage 
is indicated by a timer incorporated in the microcomput- 
er 80. Moreover, the predetermined time of 10 hours is 
a time required for the battery B to deteriorate under the 
condition that the battery B is used during running of the 
automobile. The timer starts with activation of the micro- 
computer 80C interlocked with start of running of the au- 
tomobile. 

[0194] In this stage, the running time of the automo- 
bile falls below the predetermined time of 10 hours. If 
the battery is not fully charged, the judgment of step 
1020 is made in the affirmative. A judgment is made in 
the negative at step 1030. The three conditions that 
should be met in order to judge at step 1030 that the 
battery is fully charged are such that the battery voltage 
V should be larger than 1 4 V, the battery current I should 
be smaller than 0 A, and the absolute value of the index 
P should be smaller than a value Pb=2000. 
[01 95] Thereafter, when the running time of the auto- 
mobile becomes equal to or larger than the predeter- 
mined time of 10 hours, the judgment of step 1020 is 
made in the affirmative. At step 1 021 , the adjusting volt- 
age to be produced by the regulator 30 is set to a pre- 
determined value. At this time, when it is found at step 
1 000 that the latest battery voltage V and latest battery 
current I are 14 V or more and 0 A or less respectively, 
if it is found at step 1003 that the latest index value P 
falls below the value Pb=2000, the battery B is fully 
charged. The judgment of step 1030 is therefore made 
in the affirmative. 

[01 96] Consequently, at step 1 031 , the amount of dis- 
charge energy Qd is set to 0 and the adjusting voltage 
is set back to the original value. Consequently, the fully- 
charged state of the battery B is reset At step 1 032, a 
fully-charged state flag FG is set to 1 . Thereafter, the 



discharge of the battery B is started with running of the 
automobile. 

[0197] After the discharge of the battery B is started 
as mentioned above, the index P of polarization de- 
5 creases. When the control program has progressed to 
its step 1 01 0, if the judgment is made in the affirmative, 
the battery voltage V and battery current I are stored as 
battery data at step 1011. Thereafter, when the number 
of battery data items stored at step 1 01 1 exceeds 20, a 
10 judgment is made in the affirmative at step 1 040. At step 
1 041 , the open-circuit voltage (hereinafter, the open-cir- 
cuit voltage VB0) is calculated using the battery voltage 
values included in the 20 battery data items according 
to the method of least squares. 
is [01 98] In this stage, the f ulry-charged state flag FG is 
set to 1 as mentioned above. A judgment is therefore 
made in the affirmative at step 1050. At step 1051, the 
data representing the relationship between the open-cir- 
cuit voltage VB0 and the remaining capacity SOC (here- 
to matter VBO-vs.-SOC data) is learned as described be- 
low. 

[0199] For the learning, the data having the straight 
part of the curve L1 in Rg. 23, which represents the re- 
lationship between the open-circuit voltage and remain- 

25 ing capacity SOC established in the initial stage of the 
battery B, extended as indicated with a dashed line in 
Rg. 23 (hereinafter the initial open-circuit voltage-vs.- 
remaining capacity data) is stored in advance in the 
ROM in the microcomputer SOC. Incidentally, the open- 

30 circuit voltage associated with the remaining capacity 
SOC=100 % is indicated with point L10 on the initial 
open-circuit voltage-vs.-remaining capacity data in Rg. 
23. 

[0200] The degree of deterioration of the battery B 
35 varies depending on the amount of discharge energy re- 
leased from the battery B. The data representing the re- 
lationship between the open-circuit voltage and remain- 
ing capacity shown as the curve L2 in Rg. 23 implies 
the variation of the degree of deterioration. As described 
40 above, the data is provided by moving the initial open- 
circuit voltage-vs.-remaining capacity data in parallel 
along the axis of open-circuit voltage. The open-circuit 
voltage associated with the remaining capacity 
SOC=100 %, which is plotted on the extension of the 
45 straight part of the curve L2 indicated with the dashed 
line (L20 in Rg. 23), is comparable to the open-circuit 
voltage on the initial open-circuit voltage-vs.-remaining 
capacity data (L10 in Rg. 23). 

[0201 ] In consideration of the above, a difference be- 
so tween the open-circuit voltage associated with the latest 
remaining capacity SOC (corresponding to the open-cir- 
cuit voltage specified with the curve L20 in Rg. 23) and 
the open-circuit voltage plotted as the curve L1 0 that is 
provided as the initial open-circuit vortage-vs.-remain- 
55 ing capacity data is added to the open-circuit voltage 
specified with the curve L10. Thus, the open-circuit volt- 
age VB0 that wiD be associated with the remaining ca- 
pacity SOC=1 00 % by referencing the open-circuit volt- 
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age^vs -remaining capacity data that represents the re- 
lationship between the open-circuit voltage and remain- 
ing capacity established when the battery B has deteri- 
orated is learned. This means thatthe VBOvs.-SOC da- 
ta has been learned. 

[0202] After the step 1051 is completed, the fully- 
charged state flag FG is reset to 0 at step 1 052. There- 
after, when the control program progresses to fts step 
1050, since the flag FG is reset at step 1052, the judg- 
ment is made in the negative. At step 1053, the remain- 
ing capacity SOC is calculated by referencing the VBO- 
vs.-SOC data learned at step 1051 using the open-cir- 
cuit voltage VBO calculated at step 1 041 . In this case, 
the learning of step 1051 is dependent on the degree of 
deterioration of the battery B, that is, the amount of dis- 
charge energy. The remaining capacity SOC calculated 
at step 1 053 is therefore dependent on the degree of 
deterioration of the battery B. 

[0203] As described above, in Embodiment e, after it 
is judged that the battery B is fully charged, it is judged 
at step 1010 whether the absolute value of the index P 
has decreased to fall below the value Pa. The VBO-vs. 
-SOC data specifying the open-circuit voltage observed 
when the battery B has deteriorated is learned as de- 
scribed above. By referencing the learned data, the re- 
maining capacity SOC observed when the battery B has 
deteriorated is calculated. In other words, even when 
the battery B deteriorates, the remaining capacity SOC 
is calculated by referencing the VBO-vs.-SOC data 
learned when the concentration of electrolytic solution 
in the battery B becomes uniform, that is, when the effect 
of polarization indicated with the index P on the electro- 
lytic solution is canceled. Consequently, the remaining 
capacity SOC of the battery B can be calculated quickly 
and highly precisely while being unaffected by the de- 
gree of deterioration of the battery B. 
[0204] In the embodiments of the present invention, 
the battery B is not limited to a lead-acid battery, but may 
be any kind of secondary battery. Moreover, the number 
of batteries constituting the battery B may be modified, 
if necessary. 

[0205] Moreover, in the embodiments of the present 
invention, the remaining capacity SOC may not be 
stored and preserved in a memory incorporated in the 
microcomputer, but may be stored and preserved in a 
nonvolatile memory immediately before every execution 
of step 570 (280). This obviates the necessity of straight 
connection between the battery B and microcomputer. 
[0206] Moreover, in the embodiments of the present 
invention, the criteria defined for steps 1010,1 020, and 
1030 described in relation to Embodiment e may be 
modified if necessary. 

[0207] In the embodiments of the present invention, 
the steps described in the flowcharts may be achieved 
by hardware logic circuits serving as feature executing 
means. 



Industrial Applicability 

[0208] As described so far, according to the present 
invention, there is provided a battery capacity measur- 

5 ing and remaining capacity calculating system. More 
particularly, there are provided a battery capacity meas- 
uring device forvehicle batteries, a remaining capacity 
calculating system for vehicle batteries, an automatic 
engine stopping/starting system based on a remaining 

10 battery capacity, an electrical rotating machine control 
system based the remaining battery capacity, and a bat- 
tery fully-charged state judging system for vehicle bat- 
teries. Whether a battery is fully charged can be meas- 
ured or judged highly precisely. The industrial applica- 

15 bility of the present invention is therefore immeasurable. 



Claims 

20 1 . A battery capacity measuring device, attached to a 
battery rechargeable by a generator, for measuring 
the present capacity of a battery according to an in- 
tegrated value of charging/discharge current values 
of the battery detected by a current sensor, said bat- 

25 tery capacity measuring device comprising: 

a fully-charged state judging means for detect- 
ing that a battery is fully charged; 
a detected current integrating means for inte- 
30 grating current values that are detected by said 

current sensor during a period from the instant 
the battery is fully charged to the instant it is 
fully charged later; 

a dividing means for dividing the integrated val- 
35 ue of detected current values calculated by said 

detected current integrating means by the 

length of the period; and 

a correcting means for correcting a detected 

current using the quotient provided by said di- 
40 viding means as an offset. 

2. A battery capacity measuring device according to 
claim 1 , further comprising a fully charging means 
that, when a predetermined time has elapsed since 

45 the instant the battery is fully charged previously, 
controls said generator so as to fully charge the bat- 
tery. 

3. A remaining capacity calculating system for vehicle 
so batteries, comprising: 

a voltage detecting means for detecting the 
voltage at the terminals of a battery that is 
mounted in a vehicle having an electrical rotat- 
55 ing machine connected to an engine and that 

is charged by the electrical rotating machine; 
a current detecting means for detecting a cur- 
rent that flows through the battery; 
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an index calculating means for calculating an 
index of polarization in the battery according to 
the detected current; 

a control means for controlling the electrical ro- 
tating machine so that the index of polarization 5 
will remain within a predetermined range which 
permits limitation of the effect of polarization on 
the charged state of the battery; and 
a calculating means for when the index of po- 
larization remains within the predetermined 10 
range, calculating the remaining capacity of the 
battery according to the detected terminal volt- 
age of the open-circuit voltage of the battery. 

An automatic engine stopping/starting system for is 
vehicles comprising the remaining capacity calcu- 
lating system for vehicle batteries set forth in claim 
3, and an inhibiting means (230) for, when the re- 
maining capacity of the battery falls below a permis- 
sible value, inhibiting automatic stopping of an en- 20 
gine. 

An electrical rotating machine control system for ve- 
hicles comprising the remaining capacity calculat- 
ing system for vehicle batteries set forth in claim 3 f 25 
and a control means for, when the remaining capac- 
ity is equal to or larger than a permissible value, 
controlling a motor-generator, which serves as the 
electrical rotating machine, so that the motor-gen- 
erator will assist the engine. 30 

An electrical rotating machine control system for ve- 
hicles comprising: 

a voltage detecting means for detecting the 35 
voltage at the terminals of a battery that is 
mounted in a vehicle having an electrical rotat- 
ing machine connected to an engine and that 
is charged by the electrical rotating machine; 
a current detecting means for detecting a cur- 40 
rent that flows through the battery; 
an index calculating means for calculating an 
index of polarization in the battery according to 
the detected current; and 

a control means for controlling the electrical ro- 45 
tatfng machine so thai the index of polarization 
will reman within a predetermined range which 
permits limitation of the effect of polarization on 
the charged state of the battery. 

50 

A f u lly-charged state judging system for vehicle bat- 
teries, comprising: 

a voltage detecting means for detecting the 
voltage at the terminals of a battery that is 55 
mounted in a vehicle having an alternator and 
a regulator for regulating the output voltage of 
said alternator, and that is charged with the out- 



put voltage of said alternator regulated by said 
regulator, 

a current detecting means for detecting a cur- 
rent thai flows through the battery; 
a fully-charged state judging means for, when 
the detected terminal voltage of the battery and 
the detected current belong to a predetermined 
fully-charged state judgment range, judging 
that the battery is fully charged. 

8. A fully-charged state judging system for vehicle bat- 
teries according to claim 7, wherein the predeter- 
mined fully-charged state judgment range is a 
range specified with voltage values that are higher 
than the rated voltage for the battery with the battery 
charged 90 % or more, and with current values as- 
sumed by a zero current flowing through the battery 
or a discharge current of the battery. 

9. A fully-charged state judging system for vehicle bat- 
teries according to claim 7 or 8, further comprising 
an index calculating means for calculating an index 
of polarization in the battery according to the detect- 
ed current, wherein: 

said fully-charged state judging means judges 
whetherthe battery is fully charged by checking 
if the index of polarization falls within a prede- 
termined range of index values. 

10. A fully-charged state judging system for vehicle bat- 
teries according to claim 9, wherein the predeter- 
mined range of index values is a range of index val- 
ues permitting negligence of a change in the con- 
centration of electrolytic solution in the battery. 

1 1 . A fully-charged state judging system for vehicle bat- 
teries, comprising: 

a voltage detecting means for detecting the 
voltage at the terminals of the battery that is 
mounted in a vehicle having an alternator and 
a regulator for regulating the output voltage of 
said attemator, and that is charged with the, 
output voltage of said alternator regulated by 
said regulator; 

a current detecting means for detecting a cur- 
rent that flows through the battery; 
an index calculating means for calculating an 
index of polarization from the electrolytic solu- 
tion in the battery according to the detected cur- 
rent; and 

a fully-charged state judging means for, when 
the detected terminal voltage of the battery be- 
longs to a predetermined fully-charged state 
judgment range and the index of polarization 
belongs to a predetermined range of index val- 
ues, judging that the battery is fully charged. 
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12. A fully-charged state judging system for vehicle bat- 
teries according to claim 11 , wherein: 

the predetermined fully charged-state judg- 
ment range is a range specified with voltage 
values that are higher than the rated voltage for 
the battery with the battery charged 90 % or 
more; and 

the predetermined range of index values is a 
range of index values permitting negligence of 
a change in the concentration of electrolytic so- 
lution in the battery. 

1 3. A fully-charged state judging system for vehicle bat- 
teries according to claim 7, 9, or 1 1 , further compris- 
ing a regulator control means for controlling said 
regulator so that an adjusting voltage to be pro- 
duced by said regulator will be set to a predeter- 
mined voltage value higher than a normal voltage 
value repeatedly at regular intervals, wherein: 

said fully-charged state judging means makes 
a judgment when the adjusting voltage to be 
produced by said regulator assumes the prede- 
termined voltage value. 

14. A remaining capacity calculating system for vehicle 
batteries comprising the fully-charged state judging 
system for vehicle batteries set forth in any of claims 
7 to 1 3, and a remaining capacity calculating means 
for, when a fully-charged state judging means in- 
cluded in said fully-charged state judging system 
judges that the battery is fully charged, calculating 
the remaining capacity of the battery. 

15. A remaining capacity calculating system for vehicle 
batteries having the fully-charged state judging sys- 
tem for vehicle batteries set forth in any of claim 9 
or 11, said remaining capacity calculating system 
for vehicle batteries comprising: 

an index judging means for after a fully-charged 
state judging means included in said fully- 
charged state judging system judges that the 
battery is fully charged, judging whether the in- 
dex of polarization falls within a range of values 
permitting stabilization of the open-circuit volt- 
age of the battery; 

a learning means for when said index judging 
means judges thatthe index of polarization falls 
within the range of values permitting stabiliza- 
tion of the openKjircuit voltage of the battery, 
learning the relationship between the remain- 
ing capacity and open-circuit voltage estab- 
lished based on the degree of deterioration of 
the battery; and 

a remaining capacity calculating means for cal- 
culating the remaining capacity of the battery 



by referencing the result of learning, which is 
provided by said learning means, according to 
the open-circuit voltage of the battery. 

5 1 6. A remaining capacity calculating system for vehicle 
batteries according to claim 15, wherein after it is 
judged that the battery is fully charged, said learning 
means performs the learning according to an 
amount of discharge energy of the battery by refer- 
to encing the relationship between the remaining ca- 
pacity and open-circuit voltage established in the in- 
itial stage of the battery until said index judging 
means judges that the index of polarization fails 
within the range of values permitting stabilization of 
is the open-circuit voltage of the battery after it is 
judged that the battery is fully charged. 
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Reference Numerals 
10, 10A: alternator 

15: battery capacity measuring device 

20 : rectifier 

20A: inverter 

30: regulator 

40: current sensor 

50: voltage sensor 

55: fully-charged state judging circuit 

60: roagnitude-of -pedal depression sensor 

70: vehicle speed sensor 

80, 80A, 80B, 80C: microcomputer 

80a: detected current integrating means 

80b:. dividing means 

80c: correcting means 

80d: fully charging means 

90: automatic engine stop/start control circuit 

9 OA: motor-generator control circuit 

9 0B: engine control unit ECU 

100, 10 OA: nonvolatile memory 

B: battery 

E: engine 

IG: ignition switch 

L: load 
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